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SECTION 1. GENERAL INFORMATION

1.1 BACKGROUND

Technologies under development for the detection and discrimination of unexploded
ordnance (UXO) require testing so that their performance can be characterized. To that end,
Standardized Test Sites have been developed at Aberdeen Proving Ground (APG), Maryland and
U.S. Army Yuma Proving Ground (YPG), Arizona. These test sites provide a diversity of
geology, climate, terrain, and weather as well as diversity in ordnance and clutter. Testing at
these sites is independently administered and analyzed by the government for the purposes of
characterizing technologies, tracking performance with system development, comparing
performance of different systems, and comparing performance in different environments.

The Standardized UXO Technology Demonstration Site Program is a multi-agency
program spearheaded by the U.S. Army Environmental Center (AEC). The U.S. Army Aberdeen
Test Center (ATC) and the U.S. Army Corps of Engineers Engineering Research and Development
Center (ERDC) provide programmatic support. The program is being funded and supported by
the Environmental Security Technology Certification Program (ESTCP), the Strategic
Environmental Research and Development Program (SERDP) and the Army Environmental
Quality Technology Program (EQT).

1.2 SCORING OBJECTIVES
The objective in the Standardized UXO Technology Demonstration Site Program is to
evaluate the detection and discrimination capabilities of a given technology under various field

and soil conditions. Inert munitions and clutter items are positioned in various orientations and
depths in the ground.

The evaluation objectives are as follows:

a. To determine detection and discrimination effectiveness under realistic scenarios that
vary targets, geology, clutter, topography, and vegetation.

b. To determine cost, time, and manpower requirements to operate the technology.

¢. To determine demonstrator’s ability to analyze survey data in a timely manner and
provide prioritized “Target Lists” with associated confidence levels.

d. To provide independent site management to enable the collection of high quality,
ground-truth, geo-referenced data for post-demonstration analysis.

1.2.1 Scoring Methodology

a. The scoring of the demonstrator’s performance is conducted in two stages. These two
stages are termed the RESPONSE STAGE and DISCRIMINATION STAGE. For both stages,
the probability of detection (Py) and the false alarms are reported as receiver-operating



characteristic (ROC) curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pg,), and those that do not
correspond to any known item, termed background alarms.

b. The RESPONSE STAGE scoring evaluates the ability of the system to detect emplaced
targets without regard to ability to discriminate ordnance from other anomalies. For the blind
grid RESPONSE STAGE, the demonstrator provides the scoring committee with a target
response from each and every grid square along with a noise level below which target responses
are deemed insufficient to warrant further investigation. This list is generated with minimal
processing and, since a value is provided for every grid square, will include signals both above
and below the system noise level.

c. The DISCRIMINATION STAGE evaluates the demonstrator’s ability to correctly
identify ordnance as such and to reject clutter. For the blind grid DISCRIMINATION STAGE,
the demonstrator provides the scoring committee with the output of the algorithms applied in the
discrimination-stage processing for each grid square. The values in this list are prioritized based
on the demonstrator’s determination that a grid square is likely to contain ordnance. Thus,
higher output values are indicative of higher confidence that an ordnance item is present at the
specified location. For digital signal processing, priority ranking is based on algorithm output.
For other discrimination approaches, priority ranking is based on human (subjective) judgment.
The demonstrator also specifies the threshold in the prioritized ranking that provides optimum
performance, (i.e. that is expected to retain all detected ordnance and rejects the maximum
amount of clutter).

d. The demonstrator is also scored on EFFICIENCY and REJECTION RATIO, which
measures the effectiveness of the discrimination stage processing. The goal of discrimination is
to retain the greatest number of ordnance detections from the anomaly list, while rejecting the
maximum number of anomalies arising from non-ordnance items. EFFICIENCY measures the
fraction of detected ordnance retained after discrimination, while the REJECTION RATIO
measures the fraction of false alarms rejected. Both measures are defined relative to
performance at the demonstrator-supplied level below which all responses are considered noise,
i.e., the maximum ordnance detectable by the sensor and its accompanying false positive rate or
background alarm rate.

e. Based on configuration of the ground truth at the standardized sites and the defined
scoring methodology, there exists the possibility of having anomalies within overlapping halos
and/or multiple anomalies within halos. In these cases, the following scoring logic is
implemented:

(1) In situations where multiple anomalies exist within a single Rpao, the anomaly with
the strongest response or highest ranking will be assigned to that particular ground truth item.

(2) For overlapping Ry, situations, ordnance has precedence over clutter. The anomaly
with the strongest response or highest ranking that is closest to the center of a particular ground
truth item gets assigned to that item. Remaining anomalies are retained until all matching is
complete.



(3) Anomalies located within any Ryai that do not get associated with a particular ground
truth item are thrown out and are not considered in the analysis.

f. All scoring factors are generated utilizing the Standardized UXO Probability and Plot
Program, version 3.1.1.

1.2.2 Scoring Factors

Factors to be measured and evaluated as part of this demonstration include:

a. Response Stage ROC curves:

(1) Probability of Detection (P4™).

(2) Probability of False Positive (Pgp™).

(3) Background Alarm Rate (BAR™) or Probability of Background Alarm (Pga™).
b. Discrimination Stage ROC curves:

(1) Probability of Detection (P4**%).

(2) Probability of False Positive (Pg,"™).

(3) Background Alarm Rate (BAR®*®) or Probability of Background Alarm (Pga®*).
c. Metrics:

(1) Efficiency (E).

(2) False Positive Rejection Rate (Rgp).

(3) Background Alarm Rejection Rate (Rga).

d. Other:

(1) Probability of Detection by Size and Depth.

(2) Classification by type (i.e., 20-, 40-, 105-mm, etc.).

(3) Location accuracy.

(4) Equipment setup, calibration time and corresponding man-hour requirements.

(5) Survey time and corresponding man-hour requirements.



(6) Reacquisition/resurvey time and man-hour requirements (if any).

(7) Downtime due to system malfunctions and maintenance requirements.
1.3 STANDARD AND NONSTANDARD INERT ORDNANCE TARGETS

The standard and nonstandard ordnance items emplaced in the test areas are listed in
Table 1. Standardized targets are members of a set of specific ordnance items that have identical
properties to all other items in the set (caliber, configuration, size, weight, aspect ratio, material,

filler, magnetic remanence, and nomenclature). Nonstandard targets are inert ordnance items
having properties that differ from those in the set of standardized targets.

TABLE 1. INERT ORDNANCE TARGETS

Standard Type

Nonstandard (NS)

20-mm Projectile M55

20-mm Projectile M55

20-mm Projectile M97

40-mm Grenades M385

40-mm Grenades M385

40-mm Projectile MKII Bodies

40-mm Projectile M813

BDU-28 Submunition

BLU-26 Submunition

M42 Submunition

57-mm Projectile APC M86

60-mm Mortar M49A3

60-mm Mortar (JPG)

60-mm Mortar M49

2.75-inch Rocket M230

2.75-inch Rocket M230

2.75-inch Rocket XM?229

MK 118 ROCKEYE

81-mm Mortar M374

81-mm Mortar (JPG)

81-mm Mortar M374

105-mm Heat Rounds M456

105-mm Projectile M60

105-mm Projectile M60

155-mm Projectile M483Al1

155-mm Projectile M483A

500-1b Bomb

JPG = Jefferson Proving Ground
HEAT = high-explosive, antitank




SECTION 2. DEMONSTRATION

2.1 DEMONSTRATOR INFORMATION

2.1.1 Demonstrator Point of Contact (POC) and Address

POC: Dr. John M. Stanley
256 895 1625 (+61 7 3862 2588)

Address: Geophysical Technology Limited (G-TEK)
Unit 3, No. 10, Hudson Road
Albion, Australia 4010

2.1.2 System Description (provided by demonstrator)

Sub-Audio Magnetics (SAM) is a method by which a total field-magnetometer sampling at
a very high rate may be used to simultaneously acquire both Total Magnetic Intensity (TMI) and
Total Field Electromagnetic Induction (TFEMI) data. The SAM system consists of the following
components:

Magnetometer:

The SAM capable TM-6 magnetometer to be used has been developed and built by
G-TEK. Its salient features include:

1. Accepts Larmor signal input from a hand-held array of four optically pumped magnetic
Sensors.

2. Simultaneously acquires magnetic field measurements from each sensor at selectable
rates up to 4,800 per second.

3. Acquires measurements at precise intervals of time in synchronization with Global
Positioning System (GPS) time.

4. The root-mean-square (RMS) noise floor for each measurement sample rate typically
lies between 1 nT at 10,000 per second to 1 pT at 100 per second when plotted on a logarithmic
abscissa. In this program we propose sampling at 4,800 per second where the noise is
approximately 0.2 nT, reducible in late-time by the averaging of consecutive samples.

5. Accepts position and time information including 1-pps strobe from Differential Global
Positioning System (DGPS).

6. Magnetometer, DGPS, and batteries to power a quad-sensor array for 2.5 hours are
carried in a backpack weighing about 8 kg.

7. Graphic user interface implemented on a Pocket PC.

5



Electromagnetic Transmitter:

An eight-turn wire loop is laid out along a meandering path that surrounds the grid area to
be surveyed (typically 33 by 33 m). A Zonge GGT-10 current transmitter energizes this loop
with a bipolar, 12- to 20-amp square wave current usually of 50 percent duty cycle and 15 Hz
frequency. The transmitter and receiving magnetometer are precisely synchronized using GPS
time.

Data Positioning Systems:

The TM-6 magnetometer system has been designed to interface with a variety of
positioning devices as different application localities have different characteristics and
requirements. There is a requirement when using the magnetometer for SAM applications that
access is available to GPS time at least once every 30 minutes in order to maintain precise clock
synchronization. However, this time signal may be obtainable in conditions such as wooded
areas where DGPS positional accuracy is not satisfactory. In such situations, a cotton thread
based odometer system developed by G-TEK and used for more than 25 years, provides a good
alternative. However, emerging new technologies such as the Robotic Total Station (RTS) have
been allowed for in the design of the magnetometer. At the APG site it is proposed that both the
odometer and RTS will be used in the forested area for the purpose of evaluating their relative
performance.

Figure 1. Demonstrator’s system, SAM/SLING dual mode.



2.1.3 Data Processing Description (provided by demonstrator)

The raw TM-6 data is processed using a proprietary software package referred to as
MagPi which performs all preprocessing procedures including separation of the magnetic TMI
and electromagnetic (EM) data TFEMI sets, waveform stacking, removal of unwanted frequency
components such as 60 Hz noise, EM decay curve integration, decimation, merging of DGPS
time/position and low-pass filtering. The MagPi output is usually in the form of Excel style
comma separated values (CSV) files (time decays) or Geosoft XYZ files. The Geosoft Mapping
Package is used for data management, gridding, map creation and display and other specialized
filtering. Two proprietary products referred to as MagSys (G-TEK) and UXOlab (University of
British Columbia) are used for additional interpretation of the gridded data, in order to provide
automatic anomaly picking, calculation of certain anomaly parameters, forward modeling, and
inversion. The SAM electromagnetic interface (EMI) method provides two complementary data
sets (TMI and TFEMI) that are perfectly georeferenced because the same sensor is used to
acquire both data types simultaneously. For these technology demonstrations the individual data
sets will be processed separately to the point of producing the XYZ files, but the results will be
presented as a single joint interpretation, using selected information from each data set combined
in a logical and optimal manner. In the specific case of small ordnance items such as grenades
and submunitions, the TFEMI response is likely to be below the noise floor with the TFEMI, in
which case the interpretation will be based on the TMI alone.

2.1.4 Data Submission Format

Data were submitted for scoring in accordance with data submission protocols outlined in
the Standardized UXO Technology Demonstration Site Handbook. These submitted data are not
included in this report in order to protect ground truth information.

2.1.5 Demonstrator Quality Assurance (QA) and Quality Control (QC) (provided by
demonstrator)

Overview of QC. Prior to the commencement of survey each day, a system integrity test
procedure will be conducted exceeding the requirements of DID 005 05.02. This procedure,
described in Appendix D, will include:

1. A test for sensor warm-up and signal health.

2. The testing of personnel for demagnetization and metal-free clothing.

3. A cable vibration test in conjunction with in-built system integrity checks.
4. A sensor array position check.

5. Acquiring a DGPS latency, sensor offset, and data integrity record using a six-line test
performed over the energized wire loop.

6. A heading and azimuthal test.



7. A repeat line test.

8. Occupying a known position and recording its measured position.

Overview of QA. The most important aspect of quality assurance for this demonstration is
that all measurements are accurately recorded and well documented. Detailed signed and dated
field notes will accompany all digital data files. The QA officer (JMS) will independently
evaluate the calibration data files and the demonstration survey data files. Data not compliant
with the survey specifications will be reacquired.

2.1.6 Additional Records

The following record(s) by this vendor can be accessed via the Internet as MicroSoft Word
documents at www.uxotestsites.org. The Blind Grid counterpart to this report is Scoring Record
No. 281.




2.2 APG SITE INFORMATION
2.2.1 Location

The APG Standardized Test Site is located within a secured range area of the Aberdeen
Area. The Aberdeen Area of APG is located approximately 30 miles northeast of Baltimore at
the northern end of the Chesapeake Bay. The Standardized Test Site encompasses 17 acres of
upland and lowland flats, woods and wetlands.

2.2.2 Soil Type

According to the soils survey conducted for the entire area of APG in 1998, the test site
consists primarily of Elkton Series type soil (ref 2). The Elkton Series consist of very deep,
slowly permeable, poorly drained soils. These soils formed in silty acolin sediments and the
underlying loamy alluvial and marine sediments. They are on upland and lowland flats and in
depressions of the Mid-Atlantic Coastal Plain. Slopes range from O to 2 percent.

ERDC conducted a site-specific analysis in May of 2002 (ref 3). The results basically
matched the soil survey mentioned above. Seventy percent of the samples taken were classified
as silty loam. The majority (77 percent) of the soil samples had a measured water content
between 15- and 30-percent with the water content decreasing slightly with depth.

For more details concerning the soil properties at the APG test site, go to
www.uxotestsites.org on the web to view the entire soils description report.

2.2.3 Test Areas

A description of the test site areas at APG is included in Table 2.

TABLE 2. TEST SITE AREAS

Area Description
Calibration Grid [Contains 14 standard ordnance items buried in six positions at various
angles and depths to allow demonstrator to calibrate their equipment.
Blind Test Grid |Contains 400 grid cells in a 0.2-hectare (0.5 acre) site. The center of each
grid cell contains ordnance, clutter or nothing.
Open Field A 4-hectare (10-acre) site containing open areas, dips, ruts and obstructions
that challenge platform systems or hand held detectors. The challenges
include a gravel road, wet areas and trees. The vegetation height varies
from 15 to 25 cm.

(Page 10 Blank)



SECTION 3. FIELD DATA

3.1 DATE OF FIELD ACTIVITIES (24 through 27 May and 1 through 4 June 2004)
3.2 AREAS TESTED/NUMBER OF HOURS

Areas tested and total number of hours operated at each site are summarized in Table 3.

TABLE 3. AREAS TESTED AND

NUMBER OF HOURS

Area Number of Hours
Calibration Lanes 2.66
Open Field 40.83

3.3 TEST CONDITIONS

3.3.1 Weather Conditions

An APG weather station located approximately one mile west of the test site was used to
record average temperature and precipitation on a half hour basis for each day of operation. The
temperatures listed in Table 4 represent the average temperature during field operations from
0700 to 1700 hours while precipitation data represents a daily total amount of rainfall. Hourly
weather logs used to generate this summary are provided in Appendix B.

TABLE 4. TEMPERATURE/PRECIPITATION DATA SUMMARY

Date, 2004 Average Temperature, °F | Total Daily Precipitation, in.
24 May 83.75 0.00
25 May 81.02 0.07
26 May 74.81 0.02
27 May 1567 .25
01 June 72.01 0.19
02 June 74.14 0.08
03 June 73.60 0.01
04 June 69.63 0.00

3.3.2 Field Conditions

G-TEK surveyed the Open field 25 through 27 May and 1 through 3 June. The Open Field
had several muddy areas due to rain prior to and during testing.

11



3.3.3 Soil Moisture

Three soil probes were placed at various locations within the site to capture soil moisture
data: Blind Grid, Calibration, Mogul, and Wooded areas. Measurements were collected in
percent moisture and were taken twice daily (moming and afternoon) from five different soil
depths (1 to 6in., 6 to 12 in., 12 to 24 in., 24 to 36 in., and 36 to 48 in.) from each probe. Soil
moisture logs are included in Appendix C.

3.4 FIELD ACTIVITIES

3.4.1 Setup/Mobilization

These activities included initial mobilization and daily equipment preparation and break
down. A five-person crew took 5 hours to perform the initial setup and mobilization. There was
15 hours and 15 minutes of daily equipment preparation and end of the day equipment break
down lasted 2 hours and 20 minutes.

3.4.2 Calibration

G-TEK spent a total of 2 hours and 40 minutes in the calibration lanes, of which 1 hour
and 40 minutes was spent collecting data.

3.4.3 Downtime Occasions

Occasions of downtime are grouped into five categories: equipment/data checks or
equipment maintenance, equipment failure and repair, weather, Demonstration Site issues, or
breaks/lunch. All downtime is included for the purposes of calculating labor costs (section 5)
except for downtime due to Demonstration Site issues. Demonstration Site issues, while noted in
the Daily Log, are considered nonchargeable downtime for the purposes of calculating labor
costs and are not discussed. Breaks and lunches are discussed in this section and billed to the
total Site Survey area.

3.4.3.1 Equipment/data checks, maintenance. Equipment data checks and maintenance
activities accounted for 20 minutes of site usage time. These activities included changing out
batteries and routine data checks to ensure the data was being properly recorded/collected.
G-TEK spent an additional 7 hours and 25 minutes for breaks and lunches.

3.4.3.2 Equipment failure or repair. No time was needed to resolve equipment failures that
occurred while surveying the Open Field.

3.4.3.3 Weather. A total of 10 minutes of rain delays occurred during the survey.

3.4.4 Data Collection

G-TEK spent a total time of 40 hours and 50 minutes in the Open Field area, 15 hours and
20 minutes of which was spent collecting data.

12



3.4.5 Demobilization

The G-TEK survey crew went on to conducted a full demonstration of the site. Therefore,
demobilization did not occur until 4 June 2004. On that day, it took the crew 3 hours and
30 minutes to break down and pack up their equipment.

3.5 PROCESSING TIME

G-TEK submitted the raw data from the demonstration activities on the last day of the
demonstration, as required. The scoring submittal data was also provided within the required
30-day timeframe.

3.6 DEMONSTRATOR’S FIELD PERSONNEL

Ms. Lynn Helms
Dr. Malcom Cattach
Dr. John Stanley
Mr. Jared Townsend
Mr. Stephen Griffin

3.7 DEMONSTRATOR’S FIELD SURVEYING METHOD
G-TEK surveyed the Open Field by surrounding it with the 30 meter by 30 meter cable.
Due to the size and shape of the open area, it took several setups for G-TEK. They started in the

southeast comner of the Open Field and surveyed in a north/south direction.

3.8 SUMMARY OF DAILY LOGS

Daily logs capture all field activities during this demonstration and are located in
Appendix D. Activities pertinent to this specific demonstration are indicated in highlighted text.

13
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SECTION 4. TECHNICAL PERFORMANCE RESULTS

4.1 ROC CURVES USING ALL ORDNANCE CATEGORIES

Figure 2, 4, and 6 shows the probability of detection for the response stage (P4") and the
discrimination stage (Po¥™) versus their respective probability of false positive for the EM
sensor(s), MAG sensor(s) and combined EM/MAG picks respectively. Figure 3, 5, and 7 shows
both probabilities plotted against their respective background alarm rate. Both figures use
horizontal lines to illustrate the performance of the demonstrator at two demonstrator-specified
points: at the system noise level for the response stage, representing the point below which
targets are not considered detectable, and at the demonstrator’s recommended threshold level for
the discrimination stage, defining the subset of targets the demonstrator would recommend
digging based on discrimination. Note that all points have been rounded to protect the ground
truth.

The overall ground truth is composed of ferrous and non-ferrous anomalies. Due to
limitations of the magnetometer, the non-ferrous items cannot be detected. Therefore, the ROC
curves presented in figures 4 and 5 of this section are based on the subset of the ground truth that
is solely made up of ferrous anomalies.

G-TEK only provided results for the combined EM/MAG for this specific demonstration.

(Not applicable for this demonstrator)
Figure 2. EM Sensor Open Field probability of detection for response and discrimination stages versus

their respective probability of false positive over all ordnance categories combined.

(Not applicable for this demonstrator)

Figure 3. EM Sensor Open Field probability of detection for response and discrimination stages versus
their respective background alarm rate over all ordnance categories combined.
(Not applicable for this demonstrator)

Figure 4. MAG Sensor Open Field probability of detection for response and discrimination stages versus
their respective probability of false positive over all ordnance categories combined.

(Not applicable for this demonstrator)

Figure 5. MAG Sensor Open Field probability of detection for response and discrimination stages versus
their respective background alarm rate over all ordnance categories combined.
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Figure 6. Combined Sensor Open Field probability of detection for response and discrimination stages
versus their respective probability of false positive over all ordnance categories combined.
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Figure 7. Combined Sensor Open Field probability of detection for response and discrimination stages
versus their respective background alarm rate over all ordnance categories combined.
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4.2 ROC CURVES USING ORDNANCE LARGER THAN 20 MM

Figure 8, 10, and 12 shows the probability of detection for the response stage (P4*) and
the discrimination stage (P4*°) versus their respective probability of false positive when only
targets larger than 20 mm are scored for the EM sensor(s), MAG sensor(s) and Combined
EM/MAG picks respectively. Figure 9, 11, and 13 shows both probabilities plotted against their
respective background alarm rate. Both figures use horizontal lines to illustrate the performance
of the demonstrator at two demonstrator-specified points: at the system noise level for the
response stage, representing the point below which targets are not considered detectable, and at
the demonstrator’s recommended threshold level for the discrimination stage, defining the subset
of targets the demonstrator would recommend digging based on discrimination. Note that all
points have been rounded to protect the ground truth.

The overall ground truth is composed of ferrous and non-ferrous anomalies. Due to
limitations of the magnetometer, the non-ferrous items cannot be detected. Therefore, the ROC
curves presented in figures 10 and 11 of this section are based on the subset of the ground truth
that is solely made up of ferrous anomalies.

G-TEK only provided results for the combined EM/MAG for this specific demonstration.

(Not applicable for this demonstrator)
Figure 8. EM Sensor Open Field probability of detection for response and discrimination stages versus
their respective probability of false positive for all ordnance larger than 20 mm.
(Not applicable for this demonstrator)
Figure 9. EM Sensor Open Field probability of detection for response and discrimination stages versus
their respective background alarm rate for all ordnance larger than 20 mm.
(Not applicable for this demonstrator)

Figure 10. MAG Sensor Open Field probability of detection for response and discrimination stages
versus their respective probability of false positive for all ordnance larger than 20 mm.

(Not applicable for this demonstrator)

Figure 11. MAG Sensor Open Field probability of detection for response and discrimination stages
versus their respective background alarm rate for all ordnance larger than 20 mm.
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Figure 12. Combined Sensor Open Field probability of detection for response and discrimination stages
versus their respective probability of false positive for all ordnance larger than 20 mm.

- Threshold
Response
@ | — Discriminetion
o
= ;
- (D '
S o |
8 .
D
=
g
)
e
N
o4
=
a : — - : -
0 0.2 0.4 06 08 1

Background Alarm Rate

Figure 13. Combined Sensor Open Field probability of detection for response and discrimination stages
versus their respective background alarm rate for all ordnance larger than 20 mm.
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4.3 PERFORMANCE SUMMARIES

Results for the Open Field test broken out by sensor type, size, depth and nonstandard
ordnance are presented in Tables 5a, b, and ¢ (for cost results, see section 5). Results by size and
depth include both standard and nonstandard ordnance. The results by size show how well the
demonstrator did at detecting/discriminating ordnance of a certain caliber range (see app A for size
definitions). The results are relative to the number of ordnance items emplaced. Depth is measured
from the geometric center of anomalies.

The RESPONSE STAGE results are derived from the list of anomalies above the
demonstrator-provided noise level. The results for the DISCRIMINATION STAGE are derived
from the demonstrator’s recommended threshold for optimizing UXO field cleanup by minimizing
false digs and maximizing ordnance recovery. The lower 90-percent confidence limit on probability
of detection and Pg, was calculated assuming that the number of detections and false positives are
binomially distributed random variables. All results in Table 5 have been rounded to protect the
ground truth. However, lower confidence limits were calculated using actual results.

The overall ground truth is composed of ferrous and non-ferrous anomalies. Due to limitations
of the magnetometer, the non-ferrous items cannot be detected. Therefore, the summary presented in
Table 5b is split exhibiting results based on the subset of the ground truth that is solely the ferrous
anomalies and the full ground truth for comparison purposes.

Note that G-TEK only provided results for the combined EM/MAG for this specific
demonstration. Therefore, table 5a and 5b do not contain results.

TABLE 5a. SUMMARY OF OPEN FIELD RESULTS FOR THE
SAM/SLING (EM SENSOR)

By Size By Depth, m
Metric Overall | Standard Nonstandard Small | Medium | Large | <03 [03to<l| >=1
RESPONSE STAGE
Py NA NA NA NA NA NA NA NA NA
P4 Low 90% Conf NA NA NA NA NA NA NA NA NA
P4 Upper 90% Conf NA NA NA NA NA NA NA NA NA
P NA - - - - - NA NA NA
Pg Low 90% Conf NA - - - - - NA NA NA
Pg, Upper 90% Conf NA - - - - - NA NA NA
BAR NA - s s - - - - -
DISCRIMINATION STAGE

Py NA NA NA NA NA NA NA NA NA
P4 Low 90% Conf NA NA NA NA NA NA NA NA NA
Py Upper 90% Conf NA NA NA NA NA NA NA NA NA
Py NA - - - - - NA NA NA
Py Low 90% Conf NA - = - - - NA NA NA
Pg Upper 90% Conf NA - - - - - NA NA NA
BAR NA - - - - - - - -
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TABLE 5b. SUMMARY OF OPEN FIELD RESULTS FOR THE

SAM/SLING (MAG SENSOR)
FERROUS ONLY GROUND TRUTH
‘ By Size By Depth, m
Metric Overall | Standard | Nonstandard | Small | Medium | Large | <03 [03to<1] >=1
RESPONSE STAGE
Py NA NA NA NA NA NA NA NA NA
Py Low 90% Conf NA NA NA NA NA NA NA NA NA
P4 Upper 90% Conf NA NA NA NA NA NA NA NA NA
Pg NA - - - - - NA NA NA
Pg Low 90% Conf NA - - - - - NA NA NA
Pg, Upper 90% Conf NA - - - - - NA NA NA
BAR NA - - - - - - - -
DISCRIMINATION STAGE
Py NA NA NA NA NA NA NA NA NA
P4 Low 90% Conf NA NA NA NA NA NA NA NA NA
P4 Upper 90% Conf NA NA NA NA NA NA NA NA NA
Py NA - - - - - NA NA NA
Pg Low 90% Conf NA - - - - - NA NA NA
Ps, Upper 90% Conf NA - - - - - NA NA NA
BAR NA - - |- - - - - -
FULL GROUND TRUTH
By Size By Depth, m
Metric Overall | Standard Nonstandard Small “ Medium | Large | < Oil 03to<l| >=1
RESPONSE STAGE
P4 NA NA NA NA NA NA NA NA NA
Py Low 90% Conf NA NA NA NA NA NA NA NA NA
P4 Upper 90% Conf NA NA NA NA NA NA NA NA NA
Pg, NA - - - - - NA NA NA
Py Low 90% Conf NA - - - - - NA NA NA
Pg, Upper 90% Conf NA - - - - - NA NA NA
BAR NA - - - - - - - -
DISCRIMINATION STAGE

Py NA NA NA NA NA NA NA NA NA
P4 Low 90% Conf NA NA NA NA NA NA NA NA NA
Py Upper 90% Conf NA NA NA NA NA NA NA NA NA
Ps NA - - - - : NA [ NA NA
Pg Low 90% Conf NA - - - - - NA NA NA
Pg Upper 90% Conf NA - - - - - NA NA NA |
BAR NA - - - - - - - -

Response Stage Noise Level: NA
Recommended Discrimination Stage Threshold: NA

Note: G-TEK only provided results for the combined EM/MAG for this specific demonstration.
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TABLE S¢. SUMMARY OF OPEN FIELD RESULTS FOR THE
SAM/SLING (COMBINED EM/MAG)

By Size By Depth, m
Metric Overall | Standard Nonstandard Small | Medium | Large | <03 [03to<l| >=1
RESPONSE STAGE
Py 0.45 0.45 0.35 0.20 0.50 0.75 | 040 0.45 0.45
P4 Low 90% Conf 0.39 0.42 0.31 0.17 0.45 0.65 | 036 0.37 0.36
P4 Upper 90% Conf 0.46 0.52 0.42 0.26 0.57 0.79 | 047 0.49 0.53
Pg 0.40 - - - - - 0.35 0.45 0.65
Py, Low 90% Conf 0.36 - - - - - 0.30 0.40 0.43
Pg, Upper 90% Conf 0.40 - - - - - 0.35 0.46 0.79
Pg 0.05 - - - - - - -
DISCRIMINATION STAGE

Py 0.30 0.30 0.25 0.20 0.40 0.25 | 035 0.22 0.30
P4 Low 90% Conf 0.26 0.28 0.19 0.17 0.33 0.21 | 028 0.17 0.23
P4 Upper 90% Conf 0.32 0.37 0.29 0.26 0.45 0.35 | 0.38 0.28 0.39
Pg 0.15 - - - - 0.15 0.20 0.20
Py Low 90% Conf 0.16 - - - - 0.13 0.17 0.07
Pg, Upper 90% Conf 0.19 - - - - - 0.17 0.22 0.37
Ps 0.05 - - - - - - - -

Response Stage Noise Level: -10.00
Recommended Discrimination Stage Threshold: 0.99

Note: The recommended discrimination stage threshold values are provided by the demonstrator.

4.4 EFFICIENCY, REJECTION RATES, AND TYPE CLASSIFICATION
(All results based on combined EM/MAG data set)

Efficiency and rejection rates are calculated to quantify the discrimination ability at
specific points of interest on the ROC curve: (1) at the point where no decrease in Py is suffered
(i.e., the efficiency is by definition equal to one) and (2) at the operator selected threshold.

These values are reported in Table 6.

TABLE 6. EFFICIENCY AND REJECTION RATES

False Positive | Background Alarm
Efficiency (E) | Rejection Rate Rejection Rate
At Operating Point 0.67 0.55 0.21
With No Loss of Pq 1.00 0.01 0.00
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At the demonstrator’s recommended setting, the ordnance items that were detected and
correctly discriminated were further scored on whether their correct type could be identified
(table 7). Correct type examples include “20-mm projectile, 105-mm HEAT Projectile, and
2.75-inch Rocket”. A list of the standard type declaration required for each ordnance item was
provided to demonstrators prior to testing. For example, the standard type for the three example
items are 20mmP, 105H, and 2.75in, respectively.

TABLE 7. CORRECT TYPE CLASSIFICATION

OF TARGETS CORRECTLY
DISCRIMINATED AS UXO
Size Percentage Correct
Small NA
Medium NA
Large NA
Overall NA

4.5 LOCATION ACCURACY

The mean location error and standard deviations appear in Table 8. These calculations are
based on average missed depth for ordnance correctly identified in the discrimination stage.
Depths are measured from the closest point of the ordnance to the surface. For the Blind Grid,
only depth errors are calculated, since (X, Y) positions are known to be the centers of each grid
square.

TABLE 8. MEAN LOCATION ERROR AND

STANDARD DEVIATION (M)
Mean Standard Deviation
Northing 0.00 0.20
Easting -0.03 0.19
Depth 0.02 0.24
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SECTION 5. ON-SITE LABOR COSTS

A standardized estimate for labor costs associated with this effort was calculated as
follows: the first person at the test site was designated “supervisor”, the second person was
designated “data analyst”, and the third and following personnel were considered “field support”.
Standardized hourly labor rates were charged by title: supervisor at $95.00/hour, data analyst at
$57.00/hour, and field support at $28.50/hour.

Government representatives monitored on-site activity. All on-site activities were
grouped into one of ten categories: initial setup/mobilization, daily setup/stop, calibration,
collecting data, downtime due to break/lunch, downtime due to equipment failure, downtime due
to equipment/data checks or maintenance, downtime due to weather, downtime due to
demonstration site issue, or demobilization. See Appendix D for the daily activity log. See
section 3.4 for a summary of field activities.

The standardized cost estimate associated with the labor needed to perform the field
activities is presented in Table 9. Note that calibration time includes time spent in the
Calibration Lanes as well as field calibrations. “Site survey time” includes daily setup/stop time,
collecting data, breaks/lunch, downtime due to equipment/data checks or maintenance, downtime
due to failure, and downtime due to weather.

TABLE 9. ON-SITE LABOR COSTS

No. People ‘ Hourly Wage | Hours | Cost
Initial Setup
Supervisor 1 $95.00 5.0 $475.00
Data Analyst 1 57.00 5.0 285.00
Field Support 2 28.50 5.0 285.00
SubTotal $1,045.00
Calibration
Supervisor 1 $95.00 2.66 $252.70
Data Analyst 1 57.00 2.66 151.62
Field Support 2 28.50 2.66 151.62
SubTotal $555.94
Site Survey
Supervisor 1 $95.00 40.83 $3,878.85
Data Analyst 1 57.00 40.83 2,327.31
Field Support 2 28.50 40.83 232731
SubTotal $8,533.47

See notes at end of table.
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TABLE 9 (CONT’D)

‘ No. People | Hourly Wage | Hours | Cost
Demobilization
Supervisor 1 $95.00 3.50 $332.50
Data Analyst 1 57.00 3.50 199.50
Field Support 2 28.50 3.50 199.50
Subtotal $731.50
Total $10,865.91

Notes: Calibration time includes time spent in the Calibration Lanes as well as calibration
before each data run.

Site Survey time includes daily setup/stop time, collecting data, breaks/lunch, downtime
due to system maintenance, failure, and weather.
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SECTION 6. COMPARISON OF RESULTS TO BLIND GRID DEMONSTRATION
(BASED ON COMBINED EM/MAG DATA SETS)

6.1 SUMMARY OF RESULTS FROM BLIND GRID DEMONSTRATION

Table 10 shows the results from the Blind Grid survey conducted prior to surveying the
Open Field during the same site visit in June of 2004. Due to the system utilizing magnetometer
type sensors, all results presented in the following section have been based on performance
scoring against the ferrous only ground truth anomalies. For more details on the Blind Grid
survey results reference section 2.1.6.

TABLE 10. SUMMARY OF BLIND GRID RESULTS FOR THE SAM/SLING

By Size By Depth, m
Metric Overall | Standard Nonstandard Small | Medium | Large | <03 [ 0.3 to <1 | >=1
RESPONSE STAGE
Py 0.60 0.75 0.45 0.50 0.70 0.80 | 0.65 0.70 0.45
Py Low 90% Conf 0.54 0.63 0.32 0.39 0.58 0.55 | 051 0.55 0.24
Py Upper 90% Conf 0.69 0.81 0.57 0.61 0.82 095 | 0.73 0.80 0.63
Py, 0.80 3 - 3 E - 0.80 0.75 1.00
Pg, Low 90% Conf 0.72 - - - - - 0.71 0.63 0.63
Pg, Upper 90% Conf 0.84 - - - - - 0.88 0.83 1.00
Pua 0.10 - - - - - - -
DISCRIMINATION STAGE

Py 0.55 0.70 0.35 0.50 0.60 0.80 | 055 0.65 0.35
Py Low 90% Conf 0.48 0.59 0.23 0.37 0.45 0.55 | 0.44 0.52 0.19
P4 Upper 90% Conf 0.63 0.77 0.47 0.59 0.70 095 | 0.66 0.77 0.56
Pg 0.65 - - - - - 0.65 0.65 0.80
Py, Low 90% Conf 0.59 P ; - - - | 036 053 | 042 |
PafpUpper 90% Conf | 0.72 - - - - - 0.75 0.74 0.98
Pia 0.10 E - :

6.2 COMPARISON OF ROC CURVES USING ALL ORDNANCE CATEGORIES

~ Figure 6 shows P4 versus the respective Py, over all ordnance categories. Figure 7 shows
P¢*¢ versus their respective Ps, over all ordnance categories. Figure 7 uses horizontal lines to
illustrate the performance of the demonstrator at the recommended discrimination threshold
levels, defining the subset of targets the demonstrator would recommend digging based on
discrimination. The ROC curves in this section are a sole reflection of the ferrous only survey.
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6.3 COMPARISON OF ROC CURVES USING ORDNANCE LARGER THAN 20 MM

Figure 8 shows the P4 versus the respective probability of Py, over ordnance larger than
20mm. Figure 9 shows P™* versus the respective Pg, over ordnance larger than 20 mm.
Figure 9 uses horizontal lines to illustrate the performance of the demonstrator at the
recommended discrimination threshold levels, defining the subset of targets the demonstrator
would recommend digging based on discrimination.
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Figure 8. SAM/sling dual mode P4"™ versus the respective Pg, for ordnance larger than 20 mm.
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Figure 9. SAMY/sling dual mode P% versus the respective Py, for ordnance larger than 20 mm.

6.4 STATISTICAL COMPARISONS

Statistical Chi-square significance tests were used to compare results between the Blind
Grid and Open Field scenarios. The intent of the comparison is to determine if the feature
introduced in each scenario has a degrading effect on the performance of the sensor system.
However, any modifications in the UXO sensor system during the test, like changes in the
processing or changes in the selection of the operating threshold, will also contribute to
performance differences.

The Chi-square test for comparison between ratios was used at a significance level of
0.05 to compare Blind Grid to Open Field with regard to Py, Pa*, P, and P, Efficiency
and Rejection Rate. These results are presented in Table 11. A detailed explanation and
example of the Chi-square application is located in Appendix A.
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TABLE 11. CHI-SQUARE RESULTS - BLIND GRID VERSUS OPEN FIELD

Metric Small Medium Large Overall
Py Significant Significant Not Significant Significant
[ e Significant Significant Significant Significant
P Not Significant | Not Significant | Not Significant Significant
Py s : - Significant
Efficiency - Significant
Rejection rate - - - Significant
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SECTION 7. APPENDIXES

APPENDIX A. TERMS AND DEFINITIONS
GENERAL DEFINITIONS

Anomaly: Location of a system response deemed to warrant further investigation by the
demonstrator for consideration as an emplaced ordnance item.

Detection: An anomaly location that is within Ry,j, of an emplaced ordnance item.

Emplaced Ordnance: An ordnance item buried by the government at a specified location in the
test site.

Emplaced Clutter: A clutter item (i.e., non-ordnance item) buried by the government at a
specified location in the test site.

Rpato: A pre-determined radius about the periphery of an emplaced item (clutter or ordnance)
within which a location identified by the demonstrator as being of interest is considered to be a
response from that item. If multiple declarations lie within Ryae of any item (clutter or
ordnance), the declaration with the highest signal output within the Ry, will be utilized. For the
purpose of this program, a circular halo 0.5 meters in radius will be placed around the center of
the object for all clutter and ordnance items less than 0.6 meters in length. When ordnance items
are longer than 0.6 meters, the halo becomes an ellipse where the minor axis remains 1 meter and
the major axis is equal to the length of the ordnance plus 1 meter.

Small Ordnance: Caliber of ordnance less than or equal to 40 mm (includes 20-mm projectile,
40-mm projectile, submunitions BLU-26, BLU-63, and M42).

Medium Ordnance: Caliber of ordnance greater than 40 mm and less than or equal to 81 mm
(includes 57-mm projectile, 60-mm mortar, 2.75 in. Rocket, MK118 Rockeye, 81-mm mortar).

Large Ordnance: Caliber of ordnance greater than 81 mm (includes 105-mm HEAT, 105-mm
projectile, 155-mm projectile, 500-pound bomb).

Shallow: Items buried less than 0.3 meter below ground surface.

Medium: Items buried greater than or equal to 0.3 meter and less than 1 meter below ground
surface.

Deep: Items buried greater than or equal to 1 meter below ground surface.
Response Stage Noise Level: The level that represents the point below which anomalies are not

considered detectable. Demonstrators are required to provide the recommended noise level for
the Blind Grid test area.
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Discrimination Stage Threshold: The demonstrator selected threshold level that they believe
provides optimum performance of the system by retaining all detectable ordnance and rejecting
the maximum amount of clutter. This level defines the subset of anomalies the demonstrator
would recommend digging based on discrimination.

Binomially Distributed Random Variable: A random variable of the type which has only two
possible outcomes, say success and failure, is repeated for n independent trials with the
probability p of success and the probability 1-p of failure being the same for each trial. The
number of successes x observed in the n trials is an estimate of p and is considered to be a
binomially distributed random variable.

RESPONSE AND DISCRIMINATION STAGE DATA

The scoring of the demonstrator’s performance is conducted in two stages. These two
stages are termed the RESPONSE STAGE and DISCRIMINATION STAGE. For both stages,
the probability of detection (Py) and the false alarms are reported as receiver operating
characteristic (ROC) curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pg,) and those that do not
correspond to any known item, termed background alarms.

The RESPONSE STAGE scoring evaluates the ability of the system to detect emplaced
targets without regard to ability to discriminate ordnance from other anomalies. For the
RESPONSE STAGE, the demonstrator provides the scoring committee with the location and
signal strength of all anomalies that the demonstrator has deemed sufficient to warrant further
investigation and/or processing as potential emplaced ordnance items. This list is generated with
minimal processing (e.g., this list will include all signals above the system noise threshold). As
such, it represents the most inclusive list of anomalies.

The DISCRIMINATION STAGE evaluates the demonstrator’s ability to correctly identify
ordnance as such, and to reject clutter. For the same locations as in the RESPONSE STAGE
anomaly list, the DISCRIMINATION STAGE list contains the output of the algorithms applied
in the discrimination-stage processing. This list is prioritized based on the demonstrator’s
determination that an anomaly location is likely to contain ordnance. Thus, higher output values
are indicative of higher confidence that an ordnance item is present at the specified location. For
electronic signal processing, priority ranking is based on algorithm output. For other systems,
priority ranking is based on human judgment. The demonstrator also selects the threshold that
the demonstrator believes will provide “optimum” system performance, (i.e., that retains all the
detected ordnance and rejects the maximum amount of clutter).

Note: The two lists provided by the demonstrator contain identical numbers of potential target
locations. They differ only in the priority ranking of the declarations.
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RESPONSE STAGE DEFINITIONS

Response Stage Probability of Detection (P4™): Py = (No. of response-stage detections)/
(No. of emplaced ordnance in the test site).

Response Stage False Positive (fp™): An anomaly location that is within Ry, of an emplaced
clutter item.

res

Response Stage Probability of False Positive (Pg™): Py, = (No. of response-stage false

positives)/(No. of emplaced clutter items).

Response Stage Background Alarm (ba™): An anomaly in a blind grid cell that contains neither
emplaced ordnance nor an emplaced clutter item. An anomaly location in the open field or
scenarios that is outside Ry, of any emplaced ordnance or emplaced clutter item.

Response Stage Probability of Background Alarm (Py,"*): Blind Grid only: Pp,™ = (No. of
response-stage background alarms)/(No. of empty grid locations).

Response Stage Background Alarm Rate (BAR™): Open Field only: BAR™ = (No. of
response-stage background alarms)/(arbitrary constant).

Note that the quantities Py, Pg -, Ppa ', and BAR™ are functions of t"°, the threshold
applied to the response-stage signal strength. These quantities can therefore be written as
Pdres(tres), prres(tres), PbarCS(tl'eS), and BARreS(th)

DISCRIMINATION STAGE DEFINITIONS

Discrimination: The application of a signal processing algorithm or human judgment to
response-stage data that discriminates ordnance from clutter. Discrimination should identify
anomalies that the demonstrator has high confidence correspond to ordnance, as well as those
that the demonstrator has high confidence correspond to nonordnance or background returns.
The former should be ranked with highest priority and the latter with lowest.

d]SC):

Discrimination Stage Probability of Detection (Py P = (No. of discrimination-stage

detections)/(No. of emplaced ordnance in the test site).

disc

Discrimination Stage False Positive (fp ): An anomaly location that is within Rua, of an

emplaced clutter item.

Discrimination Stage Probability of False Positive (Ps,"*): Pg,™ = (No. of discrimination stage
false positives)/(No. of emplaced clutter items).
Discrimination Stage Background Alarm (ba®*): An anomaly in a blind grid cell that contains
neither emplaced ordnance nor an emplaced clutter item. An anomaly location in the open field
or scenarios that is outside Ry, of any emplaced ordnance or emplaced clutter item.
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Discrimination Stage Probability of Background Alarm (Pp,"™): Pp, 8% = (No. of discrimination-
stage background alarms)/(No. of empty grid locations).

Discrimination Stage Background Alarm Rate (BAR**%): BARY* = (No. of discrimination-stage
background alarms)/(arbitrary constant).

Note that the quantities P prdisc, P,.55¢, and BARY are functions of t%*, the threshold
apglied. to the discrimination-stage signal strength. These quantities can therefore be written as
Pd lSC(thSC), prdlSC(tdlSC)’ Pbadlsc(tdlsc), and BARdlsc(tdlSC).

RECEIVER-OPERATING CHARACERISTIC (ROC) CURVES

ROC curves at both the response and discrimination stages can be constructed based on the
above definitions. The ROC curves plot the relationship between Py versus Pg, and Py versus
BAR or Py, as the threshold applied to the signal strength is varied from its minimum (tmin) to its
maximum (tgax) value.! Figure A-1 shows how Py versus Pg, and Py versus BAR are combined
into ROC curves. Note that the “res” and “disc” superscripts have been suppressed from all the
variables for clarity.

Figure A-1. ROC curves for open field testing. Each curve applies to both the response and
discrimination stages.

'Strictly speaking, ROC curves plot the P4 versus Py, over a pre-determined and fixed number of
detection opportunities (some of the opportunities are located over ordnance and others are
located over clutter or blank spots). In an open field scenario, each system suppresses its signal
strength reports until some bare-minimum signal response is received by the system.
Consequently, the open field ROC curves do not have information from low signal-output
locations, and, furthermore, different contractors report their signals over a different set of
locations on the ground. These ROC curves are thus not true to the strict definition of ROC
curves as defined in textbooks on detection theory. Note, however, that the ROC curves
obtained in the Blind Grid test sites are true ROC curves.
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METRICS TO CHARACTERIZE THE DISCRIMINATION STAGE

The demonstrator is also scored on efficiency and rejection ratio, which measure the
effectiveness of the discrimination stage processing. The goal of discrimination is to retain the
greatest number of ordnance detections from the anomaly list, while rejecting the maximum
number of anomalies arising from nonordnance items. The efficiency measures the amount of
detected ordnance retained by the discrimination, while the rejection ratio measures the fraction
of false alarms rejected. Both measures are defined relative to the entire response list, i.e., the
maximum ordnance detectable by the sensor and its accompanying false positive rate or
background alarm rate.

Efficiency (E): E = Pa® (" )Py (tmn™™); Measures (at a threshold of interest), the degree
to which the maximum theoretical detection performance of the sensor system (as determined by
the response stage tmin) is preserved after application of discrimination techniques. Efficiency is
a number between 0 and 1. An efficiency of 1 implies that all of the ordnance initially detected

in the response stage was retained at the specified threshold in the discrimination stage, t**.

False Positive Rejection Rate (Rg): R, = 1 - [P ™ (t**)/Pg, (tmin")]; Measures (at a
threshold of interest), the degree to which the sensor system's false positive performance is
improved over the maximum false positive performance (as determined by the response stage
tmin). The rejection rate is a number between 0 and 1. A rejection rate of 1 implies that all
emplaced clutter initially detected in the response stage were correctly rejected at the specified
threshold in the discrimination stage.

Background Alarm Rejection Rate (Rpa):

Blind Grid: Rps =1 - [Ppa®(t"*)/Ppa™ (tmin™)].
Open Field: Ry, = 1 - [BAR™(t™°)/BAR™ (ty,")]).

Measures the degree to which the discrimination stage correctly rejects background alarms
initially detected in the response stage. The rejection rate is a number between 0 and 1. A
rejection rate of 1 implies that all background alarms initially detected in the response stage were
rejected at the specified threshold in the discrimination stage.

CHI-SQUARE COMPARISON EXPLANATION:

The Chi-square test for differences in probabilities (or 2 x 2 contingency table) is used to
analyze two samples drawn from two different populations to see if both populations have the
same or different proportions of elements in a certain category. More specifically, two random
samples are drawn, one from each population, to test the null hypothesis that the probability of
event A (some specified event) is the same for both populations (ref 3).

A 2 x 2 contingency table is used in the Standardized UXO Technology Demonstration
Site Program to determine if there is reason to believe that the proportion of ordnance correctly
detected/discriminated by demonstrator X’s system is significantly degraded by the more
challenging terrain feature introduced. The test statistic of the 2 x 2 contingency table is the
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Chi-square distribution with one degree of freedom. Since an association between the more
challenging terrain feature and relatively degraded performance is sought, a one-sided test is
performed. A significance level of 0.05 is chosen which sets a critical decision limit of
2.71 from the Chi-square distribution with one degree of freedom. It is a critical decision limit
because if the test statistic calculated from the data exceeds this value, the two proportions tested
will be considered significantly different. If the test statistic calculated from the data is less than
this value, the two proportions tested will be considered not significantly different.

An exception must be applied when either a O or 100 percent success rate occurs in the
sample data. The Chi-square test cannot be used in these instances. Instead, Fischer’s test is
used and the critical decision limit for one-sided tests is the chosen significance level, which in
this case is 0.05. With Fischer’s test, if the test statistic is less than the critical value, the
proportions are considered to be significantly different.

Standardized UXO Technology Demonstration Site examples, where blind grid results are
compared to those from the open field and open field results are compared to those from one of
the scenarios, follow. It should be noted that a significant result does not prove a cause and
effect relationship exists between the two populations of interest; however, it does serve as a tool
to indicate that one data set has experienced a degradation in system performance at a large
enough level than can be accounted for merely by chance or random variation. Note also that a
result that is not significant indicates that there is not enough evidence to declare that anything
more than chance or random variation within the same population is at work between the two
data sets being compared.

Demonstrator X achieves the following overall results after surveying each of the three
progressively more difficult areas using the same system (results indicate the number of
ordnance detected divided by the number of ordnance emplaced):

Blind Grid Open Field Moguls
P4 100/100 = 1.0 8/10 = .80 20/33 = .61
P.%° 80/100 = 0.80 6/10 = .60 8/33 = .24

P4 BLIND GRID versus OPEN FIELD. Using the example data above to compare
probabilities of detection in the response stage, all 100 ordnance out of 100 emplaced ordnance
items were detected in the blind grid while 8 ordnance out of 10 emplaced were detected in the
open field. Fischer’s test must be used since a 100 percent success rate occurs in the data.
Fischer’s test uses the four input values to calculate a test statistic of 0.0075 that is compared
against the critical value of 0.05. Since the test statistic is less than the critical value, the smaller
response stage detection rate (0.80) is considered to be significantly less at the 0.05 level of
significance. While a significant result does not prove a cause and effect relationship exists
between the change in survey area and degradation in performance, it does indicate that the
detection ability of demonstrator X’s system seems to have been degraded in the open field
relative to results from the blind grid using the same system.
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Py"*: BLIND GRID versus OPEN FIELD. Using the example data above to compare
probabilities of detection in the discrimination stage, 80 out of 100 emplaced ordnance items
were correctly discriminated as ordnance in blind grid testing while 6 ordnance out of
10 emplaced were correctly discriminated as such in open field-testing. Those four values are
used to calculate a test statistic of 1.12. Since the test statistic is less than the critical value of
2.71, the two discrimination stage detection rates are considered to be not significantly different
at the 0.05 level of significance.

Py®: OPEN FIELD versus MOGULS. Using the example data above to compare
probabilities of detection in the response stage, 8 out of 10 and 20 out of 33 are used to calculate
a test statistic of 0.56. Since the test statistic is less than the critical value of 2.71, the two
response stage detection rates are considered to be not significantly different at the 0.05 level of
significance.

P OPEN FIELD versus MOGULS. Using the example data above to compare
probabilities of detection in the discrimination stage, 6 out of 10 and 8 out of 33 are used to
calculate a test statistic of 2.98. Since the test statistic is greater than the critical value of 2.71,
the smaller discrimination stage detection rate is considered to be significantly less at the
0.05 level of significance. While a significant result does not prove a cause and effect
relationship exists between the change in survey area and degradation in performance, it does
indicate that the ability of demonstrator X to correctly discriminate seems to have been degraded
by the mogul terrain relative to results from the flat open field using the same system.
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APPENDIX B. DAILY WEATHER LOGS

TABLE B-1. WEATHER LOG

Average Total
Date Time Temperature, F | Precipitation, in.

5/24/2004 07:00 76.3 0.00
512412004 08:00 78.6 0.00
5/24/2004 09:00 80.3 0.00
5/24/2004 10:00 82.3 0.00
5/24/2004 11:00 83.9 0.00
5242004 12:00 85.7 0.00
5/24/2004 13:00 86.4 0.00
5/24/2004 14:00 87.5 0.00
5/24/2004 15:00 87.4 0.00
5/24/2004 16:00 86.5 0.00
5/24/2004 17:00 86.3 0.00
5/25/2004 07:00 72.5 0.00
5/25/2004 08:00 74.5 0.00
5/25/2004 09:00 76.9 0.00
5/25/2004 10:00 78.8 0.00
5/25/2004 11:00 81.4 0.00
5/25/2004 12:00 83.2 0.00
5/25/2004 13:00 84.8 0.00
5/25/2004 14:00 84.0 0.00
5/25/2004 15:00 85.3 0.00
5/25/2004 16:00 85.4 0.00
5/25/2004 17:00 85.2 0.00
5/26/2004 07:00 68.9 0.00
5/26/2004 08:00 70.4 0.00
5/26/2004 09:00 73.3 0.00
512612004 10:00 73.6 0.00
5/26/2004 11:00 74.6 0.00
512612004 12:00 75.3 0.00
5/26/2004 13:00 84.4 0.00
5/26/2004 14:00 76.3 0.00
5/26/2004 15:00 77.1 0.00
5/26/2004 16:00 77.4 0.00
5/26/2004 17:00 717.8 0.00
5/27/2004 07:00 67.1 0.00
5/27/2004 08:00 69.7 0.00
5/27/2004 09:00 71.7 0.00
5/27/2004 10:00 73.6 0.00
5/27/2004 11:00 76.2 0.00
5/27/2004 12:00 77.1 0.00
51272004 13:00 717.5 0.00
5/27/2004 14:00 79.1 0.00
5/27/2004 15:00 80.4 0.00
5/27/2004 16:00 80.6 0.00
5/27/2004 17:00 79.4 0.00
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TABLE B-1. (CONT’D)

Average Total
Date Time Temperature, 'F Precipitation, in.

5/28/2004 07:00 71.2 0.00
5/28/2004 08:00 72.2 0.00
5/28/2004 09:00 74.3 0.00
5/28/2004 10:00 75.0 0.00
5/28/2004 11:00 717.1 0.00
5/28/2004 12:00 78.3 0.00
5/28/2004 13:00 79.0 0.00
5/28/2004 14:00 78.9 0.00
5/28/2004 15:00 79.7 0.00
5/28/2004 16:00 78.0 0.00
5/28/2004 17:00 79.1 0.00
5/29/2004 07.00 59.5 0.00
5/29/2004 08:00 60.5 0.00
5/29/2004 09:00 61.6 0.00
5/29/2004 10:00 63.3 0.00
5/29/2004 11:00 65.0 0.00
5/29/2004 12:00 66.9 0.00
5/29/2004 13:00 68.6 0.00
512972004 14:00 69.8 0.00
5/29/2004 15:00 70.8 ~0.00
5/29/2004 16:00 70.9 0.00
512912004 17:00 70.8 0.00
5/30/2004 07:00 61.1 0.00
5/30/2004 08:00 64.3 0.00
5/30/2004 09:00 65.2 0.00
5/30/2004 10:00 67.2 0.00
5/30/2004 11:00 68.5 0.00
5/30/2004 12:00 70.4 0.00
5/30/2004 13:00 72.8 0.00
5/30/2004 14:00 72.7 0.00
5/30/2004 15:00 72.3 0.00
5/30/2004 16:00 71.7 0.00
5/30/2004 17:00 71.7 0.00
5/31/2004 07:00 66.9 0.00
5/31/2004 08:00 66.9 0.00
5/31/2004 09:00 66.9 0.00
5/31/2004 10:00 66.7 0.00
5/31/2004 11:00 65.6 0.00
5/31/2004 12:00 65.6 0.00
5/31/2004 13:00 66.4 0.00
5/31/2004 14:00 66.6 0.00
5/31/2004 15:00 66.1 0.00
5/31/2004 16:00 66.8 0.00
5/31/2004 17:00 67.5 0.00
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TABLE B-1. (CONT’D)

Average Total
Date Time Temperature, 'F Precipitation, in.
6/01/2004 07:00 65.5 0.00
6/01/2004 08:00 68.0 0.00
6/01/2004 09:00 70.3 0.00
6/01/2004 10:00 72.9 0.00
6/01/2004 11:00 73.1 0.00
6/01/2004 12:00 78.2 0.00
6/01/2004 13:00 794 0.00
6/01/2004 14:00 71.5 0.00
6/01/2004 15:00 74.5 0.00
6/01/2004 16:00 64.2 0.00
6/01/2004 17:00 68.5 0.00
6/02/2004 07:00 62.3 0.00
6/02/2004 08:00 67.1 0.00
6/02/2004 09:00 71.9 0.00
6/02/2004 10:00 74.0 0.00
6/02/2004 11:00 76.3 0.00
6/02/2004 12:00 78.5 0.00
6/02/2004 13:00 79.4 0.00
6/02/2004 14:00 79.5 0.00
6/02/2004 15:00 76.0 0.00
6/02/2004 16:00 74.0 0.00
6/02/2004 17:00 76.5 0.00
6/03/2004 07:00 64.3 0.00
6/03/2004 08:00 67.8 0.00
6/03/2004 09:00 69.9 0.00
6/03/2004 10:00 72.4 0.00
6/03/2004 11:00 73.0 0.00
6/03/2004 12:00 74.5 0.00
6/03/2004 13:00 76.1 0.00
6/03/2004 14:00 77.4 0.00
6/03/2004 15:00 77.9 0.00
6/03/2004 16:00 77.9 0.00
6/03/2004 17:00 78.4 0.00
6/04/2004 07:00 64.6 0.00
6/04/2004 08:00 65.9 0.00
6/04/2004 09:00 67.4 0.00
6/04/2004 10:00 69.0 0.00
6/04/2004 11:00 70.9 0.00
6/04/2004 12:00 72.5 0.00
6/04/2004 13:00 72.6 0.00
6/04/2004 14:00 122 0.00
6/04/2004 15:00 71.1 0.00
6/04/2004 16:00 70.4 0.00
6/04/2004 17:00 69.3 0.00
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APPENDIX C.

Date: 24 May 2004

Time: 0715 through 1700 hours

SOIL MOISTURE

Probe Location Layer, in. AM Reading, % | PM Reading, %

Wet Area Oto6 NA NA
6to 12
12 to 24
24 10 36
3610 48

Wooded Area Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48

Open Area 0to6 NA NA
6to 12
12 to 24
24 t0 36
36 to 48

Calibration Lanes Oto 6 39.2 39.0
6to 12 37.5 38.0
12 to 24 1.5 1.6
24 to 36 42 4.1
3610 48 5.3 5.5

Blind Grid/Moguls Oto6 3.2 3.0
6to 12 23.5 23.6
12 t0 24 38.2 39.0
24 10 36 36.9 37.3
361048 38.2 38.1
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Date: 25 May 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %
Wet Area Oto 6 60.3 50.6
6to 12 74.2 60.1
12 to 24 76.9 74.5
24 10 36 54.9 7173
36to 48 50.3 55.3
Wooded Area Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
Open Area 0to 6 21.9 21.6
6to 12 6.3 5.8
12 to 24 18.1 18.0
24 to 36 26.8 2173
36 to 48 51.9 52.6
Calibration Lanes Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 t0 48
Blind Grid/Moguls Oto 6 NA NA
6to 12
12 t0 24
24 to 36
36 to 48




Date: 27 May 2004

Time: 0715 through 17:00 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %
Wet Area 0to6 60.8 60.4
6to 12 75.7 75.9
12to 24 77.2 77.0
24 to 36 56.6 56.2
36 to 48 49.5 50.0
Wooded Area Oto6 NA NA
610 12
12 to 24
24 to 36
361048
Open Area 0to6 21.5 21.2
6to 12 5.4 5.8
12 to 24 18.9 19.3
24 to 36 27.6 279
36 10 48 52.1 524
Calibration Lanes Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
Blind Grid/Moguls 0to6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
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Date: 28 May 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %

Wet Area Oto6 NA NA
6to 12
12 to 24
24 to 36
36 t0 48

Wooded Area 0to 6 15.2 15.0

6to 12 5.8 6.0

12 to 24 4.7 4.5

24 to 36 52.3 52.4

36 to 48 54.3 54.9

Open Area 0to6 NA NA
61012
12 to 24
24 10 36
36 to 48

Calibration Lanes Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to0 48

Blind Grid/Moguls 0t 6 NA NA
6to 12
12 t0 24
24 10 36
3610 48




Date: 29 May 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %

Wet Area 0to6 NA NA
6to 12
12 to 24
24 to 36
36 to 48

Wooded Area 0to 6 154 15.3

6t0 12 6.3 6.4

12 to 24 4.8 4.8

24 t0 36 529 53.2

36 to 48 55.4 55.7

Open Area 0to 6 NA NA
6to 12
12 t0 24
24 to 36
36 to 48

Calibration Lanes Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48

Blind Grid/Moguls 0to 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48




Date: 1 June 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %
Wet Area 0to6 60.4 60.2
6to 12 75.9 76.2
12 to 24 77.0 77.3
24 to 36 56.2 56.1
36 to 48 50.0 50.6
Wooded Area 0to6 15.3 15.2
610 12 6.4 6.5
12 to 24 4.8 5.3
24 to 36 53.2 53.6
36 to 48 55.7 56.1
Open Area Oto6 21.2 21.0
6to 12 5.8 5.9
12 to 24 19.3 19.7
24 to 36 27.9 28.3
36 to 48 52.4 52.7
Calibration Lanes Oto 6 NA NA
6t0 12
12 to 24
24 t0 36
36 to 48
Blind Grid/Moguls 0to 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48




Date: 2 June 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %
Wet Area 0to 6 59.4 59.2
6to 12 76.8 77.1
121024 77.1 77.4
24 to0 36 56.8 57.2
36 t0 48 50.4 50.8
Wooded Area Oto6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
Open Area Oto 6 21.0 21.1
6t012 59 6.2
12 t0 24 19.7 20.1
24 to 36 28.3 28.4
36 to 48 52.7 53.0
Calibration Lanes Oto 6 NA NA
6to 12
12t0 24
24 to 36
361048
Blind Grid/Moguls 0to 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
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Date: 3 June 2004
Time: 0715 through 1700 hours

Probe Location Layer, in. AM Reading, % | PM Reading, %
Wet Area 0to 6 59.4 59.2
6to 12 77.4 71.2
12 to 24 77.3 77.1
24 to 36 57.5 57.2
36 10 48 51.7 52.0
Wooded Area Oto6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
Open Area Oto 6 21.1 21.3
6to 12 6.2 6.4
12 to 24 20.1 20.3
24 to 36 28.4 28.9
36 t0 48 53.0 53.1
Calibration Lanes Oto 6 NA NA
6to 12
12 to 24
24 to 36
36 to 48
Blind Grid/Moguls 0to6 3.6 3.2
6to 12 23.5 23.8
12 to 24 36.7 37.1
24 10 36 354 35.2
36 to 48 38.1 38.3
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Date: 4 June 2004

Time: 0715 through 1700 hours

Probe Location

Layer, in.

AM Reading, %

PM Reading, %

Wet Area

0to 6

61012

12 to 24

24 to 36

36 to 48

NA

NA

Wooded Area

Oto6

6to 12

12 to 24

24 to 36

36 to 48

NA

NA

Open Area

0to6

6to 12

12 to 24

24 to 36

36 to 48

NA

NA

Calibration Lanes

0to 6

6to 12

12to 24

24 to 36

36 to 48

NA

NA

Blind Grid/Moguls

0to6

3.5

3.2

6to 12

243

23.8

12 to 24

37.5

374

24 10 36

35.7

354

36 to 48

38.4

38.8
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APPENDIX D. DAILY ACTIVITY LOGS

"1%91 pa1yS1yS1y ur poledIpUT I8 UONRIISUOWISP O1103ds S1y) 01 JuauTiIad SaNIATIOY Q10N

SA719vO dOLS/LYV.LS
AQAN | ANNMS | VENIT VYN SdD HAOW 'dN 138 € ATIvd S 06 SI6 ATdI4 NadO S $00T/STIS
Yivd Vivd
AQANIN | ANNMOS | IVENITT YN Sd49D LOATI0D ¥ JLIITIOO 0T Sle 668 A'THId N3dO < #00T/STIS
SNOLLV¥EdO
ATivad dOLS/LYVLS
AU | ANNNS | §VENIT VN Sd5 J0 LdvV.LS € ATIVA 09 SSR SCL “1HI4 NHdO S #00T/STIS
SNOILLY™HdO dOLS/LYVLS ANV
AdANA | ANNNS | dVENIT YN SdD ATIVA 40 ANA £ ATIvVd 0T STLI SOLI | NOILLVYELITVO S FO0THTIS
Yivd vivd HNVT
AQAIUA | ANNNS | dVENIT ¥N SdD JLIITIOD i LOHTIOD T SOLI 0¥91 | NOLLVHEITVO g POOTHTIS
SHI19VO dOLS/LYVLS HNVT
AN | ANNMS | dVENITT VYN SdD HAOW ‘dN 138 € ATvVd 01 0¥91 0€91 | NOLLVHEITVO S 00T TIS
yilvd V.ivd arao
AN | ANNNS | IVENIT YN SdD LOATIOD 14 LOHTI0D 33 Q€91 999 LSHL ANI'Td S POOTHPT/S
AOdHD
AYdLLYL HONVNHLNIVIA arao
A | ANNNS | YVENIT VN SdD HONVHO L TNINMOA ST SSSI 0€S1 LSA.L ANI'Td S YOO T/S
vivd vivd ano
AQANIA | ANNNS | IVEANIT VN Sd9D LOATIOD 14 LOATIOO 0t 0€ST 00S1 LSAL aNI'Td S YOOTTIS
SA19vVO dOLS/LYVY1S anao
AN | ANNNS | IVEANIT VYN SdD AAON ‘dN LIS £ ATvdad Sl 0051 St l LSHL ANI'1d S PO0THYT/S
Yivd vivd ANV
AJANN | ANNNS | IVENIT YN SdD JOFTIOO ¥ LOFT100 SL Sl 0€€1 | NOLLVHEI'TVD S FOOTHT/S
NOILVZITIFON NOLLVZI'IdOW ANV
AN | ANNNS | IVENIT VN Sd9D TVILINI [ TVILINI St QEEl S¥C1 | NOLLVHEEI'TVD S POOTFT/S
NV
AN | ANNNS | 4VENIT VYN SdD AVERIE/HONNT S AVIIE/HONNT 0¢ Syl SITI | NOILLYY4I'TvVO S YO0THHTIS
NOILLVZITIHOW NOILVZITIHOW ANV
AQAN | ANNMOS | dVENIT VN SdD “TVILINI I TVILINI 65T SITI 008 NOLLVHEI'TVD S POOTHTIS
suonIpuo) pRU wneq ure(dxy POYRIA | SUBWILOC) 3po) snje;s apux uny | duif PRISAT, B3Iy 9doag Neq
IPDYPO=POYRIA | el - smEls b1:1N uoyeradQ ‘voyeanq | doig ueg Jo
Yoedy, euoperadQ do snjels | Snes *ON

D-1



"1X9] PAIYSIYSIY UT pAIBdIPUT I8 UOIIRIISUOWAP 21J10ads SIY} 03 Juauirad SONIAIY 910N

Vivd vivd a4

AN | ANNNOS | dVENIT VN SdD LOITIOD 14 LOFTI00 S1 SOFI 0SET | NHdO S F00T/STIS
SH149VO dOLS/LAVLS [Gg ikl

AQAN | ANNNS | ¥VENIT VN SdD HAOW 'dN 138 £ ATiva 01 0SE€1 | OPET | NIdO S H00T/ST/S
vivd vivd (eIt

AQAN | ANNNS | dVENIT VN SdD LOHTIOD b4 LOdTIOD ST 0FEl SIE1 | NIdO S #00T/ST/S
aTHi

AddNN | ANNOS | VENIT VN SdD AVEIE/HONNT S AVIIE/HONNT 09 SIEl SITI | NddO S F00T/STIS
vivd vivd atd

AddNN | ANNNS | 3VENIT VN SdD jfe o] b4 JLOHITIOD ST SITI | 0SIl [ NHdO 5 #00T/ST/S
SHT9VO dOLS/LYVLS aTam

AN | ANNMS | MVENIT VN SdD HAON ‘di 138 £ ATIvd 01 OSII | Ovil | NEdO g H0T/STIS
vivd vivd aTdi

AdANN | ANNS | dVENIT YN SdD LOITIOD ¥ LOFT100 0z 0PIl |, OTI1 | NEdO S #00T/ST/S
SATAVO dOLS/LAVLS aTdI

AQANN | ANNNS | IVEANIT VN SdD HAOW'dN I3S | ¢ ATIvd 01 0TI1 | OIIT | N3dO S P00T/ST/S
yivd vivad aTam

AddNN | ANNNS | 3VENIT VN SdD LDFTIOD 4 LOHTIOD 0T OITI | 0sSOl | N3dO S ¥00T/ST/S
SA149vV0 dOLS/LIVLS aTan

AQANN | ANNOS | JVENIT VN SdD JAOW ‘dn 198 £ ATIvad 01 0501 0r01 | NHdO S $00T/ST/S
vivd vivd aTgi

AQAN | ANNNS | IVENIT VN SdD LOETIOD b4 LOHTI00 ST 0101 SI0I | N3dO S #00T/STS
ST19V0 dOLS/LYV.LS aTdrd

AdANN | ANNNS | IVENIT VN SdD HAON ‘dN 148 £ ATIvd 01 S101 €001 | N3dO S P00T/ST/S
vivd vivd aTdn

AN | ANNNS | ¥VENIT VN SdD LOdTIOD 4 JOdTIOD 0T S001 S¥6 | NHdO S #00T/STIS
sa19v0 dOLS/LIVLS aTand

AQANIN | ANNNS | IVENIT VN SdD HAOW ‘dN 198 £ ATIvd S St6 0¥6 N3dO S #00T/STIS
vivd vivd aTdid

AdANIN | ANNNS | dVENIT VN §dD LOdTIOD ¥ JOFTI0D 0T 0r6 026 | N3dO S ¥00T/ST/S

SUOyIPUO)) PIRLY TREST R ¢ ure(dxsq POYIRIA SJUILLILLO)) apo) smels urur aully, | awil | patsaL, | °rdoaq BT

I3I0=POUIdAl | NoelL - snjels 131N [euoneRdQO ‘wopemq | doig | uwls | ®vAIVY jo
3oy, [euonesadQ do snyels | smels ‘ON

D-2



“1%9) pay31y31Y ur paledIpul aIe uonensuowap oiy1oads suy) 03 Jusuniad sanIANOY 910N

Vivd vivd atdid

NIVH AdNOTO | AVEANI1 VN SdD LOFT100 L LOHTI0O 0¢ 0EEl 0IEL NHdO s #00T/9T/S
SHT1dVO dOLS/LAVLS a’did

NIVd AdNOTO | AVENIT YN SdD HAOW ‘dN 1dS £ ATIvd 0T OI€l 0S¢l NAdO S #00T/9T/S
a’did

NIVY AdNOTO | VENIT VN 549D AVHIIGHONNT S AVEAE/HONNT 09 0scl 0SI1 NHJO g F00T/9T/S

SArdo dn 13S
‘SNOILVIEdO

ATvd dOLS/LAVLS atdani

NIVA AdNOTO | AVENIT YN SdD 40 LIVLS 5 ATlvd (044 0SI1 0SL NHdO s H00T/9T/S
SNOILLVIEdO dOLS/LIVLS a’did

AdAnin ANNNOS | dVENIT VN SdD ATTIVA 40 ANd £ ATvd Sl SI91 0091 NHdO S #00T/ST/S
Vivd Yivd aTdid

AN | ANNNOS | dVENIT VYN SdD JLOFTIOO ¥ LOATIOOD 0T 0091 0F<1 NHdO S $00T/ST/S
SHT1dVO dOLS/LIVLS aTdid

AN [ ANNMAS | IVENI] VN SdD HAOW ‘dN LIS £ ATIvd s OFS1 CESl NEdO S #00T/ST/S
Vivd Yivd agi

AN | ANNNS | ¥VENI] VN SdD LOHTIOD ¥ LOATIOD Sl SEC1 0Z81 NHAdO S P00T/ST/S
SHT19VO dOLS/LIVLS adid

AQANN ANNIMS | dVINI] VN SdD HAON ‘dN L3S £ ATvd S 0TS 1 SIS NAdO S $00T/ST/S
vivd vivd agi

AQANIN | ANNNS | 9VENIT YN SdD LOIT100 L4 LOATIOO 0T SISI SS¥1 NHdO < #00T/STYS
S3T19vVO dOLS/LIVLS adid

AN | ANNMS | IVANIT VN Sd9O HAOW ‘dN L3S £ ATIVd 01 SSPI Stbl NHdO S Y00T/ST/S

AOHHOD

A¥ALLYH HONVNHALNIVIN adid

AN | ANNNOS | ¥VINIT VN SdD HONVHO L HNLLNAOA S1 Stil 0Er] NHdO < +00T/ST/S
Yivd Yi1lvd adid

AQANN | ANNAS | 4VENIT VN SdD I recigglee) ¥ JOATIOO Sl (015 Sl NHdO S YO0T/ST/S
SH149vO dOLS/LIVLS adid

AQdON | ANNNS | IVENIT YN SdD HAOW ‘dN 1S £ ATIVd 01 Syl SOF1 NHdO 5 H0T/ST/S

suonIpuo)) pRIg wieq urefdxsyy POYIRIAl SjuAUIO0)) apo) smels I WY, aurly, | pajsaL | ardoag aje(q

13YIQ=POYIdIAl | WOBLL - SnyBlS ELa reuonesadQ ‘uogem( | dojs Hes BIIY jo
yoeay, [euonjexadQ do smel§ | snyels ‘ON

D-3



*1%3] PAIYS3IYS1Y Ul PIIBOIpUl 918 UOHBIISUOWDP J1J10ads s1y} 01 Juaunrad SANIATPY 910N

Vivd vivd aTaid

AdANW | AdNOTD | 9VENI] VN SdD LOFTIOD ¥ JOFTIOO 01 S8 SES NHEdO S POOT/ILTIS
SH19VD dOLS/LIVLS adid

AddNN | AdNOTD | ¥VENIT VN SdD HAON ‘dN 198 £ ATivd S SER 0€8 NEdO - H00T/LTIS
Vivd vivda dTd1d

AQAOA | AdNOTD | IVENIT VN SdD LOFTI0D ¥ LOFTI00 Sl 08 SI8 NHdO S H0T/LT/S

SNOILVAHdO

ATivad dOLS/LIV.LS aTdid

AddNW | AdNOTO | AVEINIT VN SdD 40 LIV.LS € ATIvd 0T Clg SCL NIJO S P00T/LTIS
SNOLLVHIIdO dOLS/LYV.LS aTdid

NIVY AdNOTO | IVANIT VN SdD ATIVA 40 ANF £ ATIvd 0t SOLI S¥91 NIdO S H0T/9T/S
vivd vivd araid

NIVY AdNOTO | ¥VENIT VN SdD LOHTIOO 14 JOFTIOD Si S¥91 0€91 | NHdO S P00T/9T/S
SH19VD dOLS/LYV.LS aTdid

NIV AdNOTO | EVENI] VN SdD HAOW ‘dN 138 € ATIVd g 0g£91 ST91 N3dO S ¥00T/9¢/s
vivd vivd a141d

NIVY AdNOTO | AVANIT] VN SdD LOITIOD L4 JOFTI0D Sl ST91 | 0191 | NddO - Y00T/9T/S
SHTEVO dOLS/LAVLS aTdid

NIV AdNOTO | ¥VENIT VN SdD HAOW 'dN L3S £ ATIvd S 0191 S091 | NHJO S #002/9T/S
Yivd Vivd aTard

NIVY AdNOTO | dVENIT YN SdD JOATI0D 4 LOHTIOO 0T S091 SPS1 | NHJO S #0T/92/S
SHIEVO dOLS/LIVLS aTaid

NIV AdNOTI | IVENIT VN SdD HAOW ‘dN 138 £ ATvad Sl SHEI 0vS1 [ NHdO S P00T/9T/S
vivd vivd aTaid

NIV AdNOTO | AVEANIT VN SdD LOFTI0O ¥ LOHTIOO ST OFS1 SIST | NHdO S #00T/9T/S
SATAVO dOLS/LAVLS aTd

NIV AdNOTIO | IVANIT VN SdD HAOW ‘dN 198 £ ATIvd S1 SIST 00ST | NAdO S #0T/9T/S
aTdid

NIV¥ AdNOTO | ¥VEANIT VN SdD AVIIE/HONNT S AVHIE/HONNT 06 0051 OEEL NHdO g P00Z/9T/S

suonIpuoy) pR1g waneq urejdxy POYIRA sjuawwo) | 3po) STElS uru suny | sumy | pasay, | adoaq aeq
1YIQ=POYIRAl | WYoBIL - sRIg 1218 [euonerado ‘wopermq | dois | weIS | BAIY Jjo
HorLL [euoyeladQ do snyelg | smeg "ON

D-4



“1%91 pa1ySI[ySIy ur peedIpul 218 UONBISUOWP J1f10ads s1y) 03 jusuraad SaNIATY (SI0N

vivd vivd aTdid

AdAN | AdNOTO | AVENIT VN S§dD LIdTIOD ¥ LIFTIOD ST Svil 0€11 | N3dO S PO0T/LTIS
SH19VO dOLS/LIVLS aTan

AN | AdNOTO | AVEANIT VN SdD HAOW 'dN 138 £ ATIVd S OEll SCII | NddO s HOT/LT/S
vivd vivd aTdid

AdANN | AdNOTO | AVENIT VN SdD LOdTI0D ¥ 1297100 Sl STl OITT [ NAdO S HOTILTS
SHT19VO dOLS/LIVLS aidid

AQANN | AdNOTO | IVENIT VN SdD HAOW ‘dN 198 £ ATivd S 0111 SOTT | NEdO S H00T/LT/S
a4

AQANA | AdNOTO | AVENIT VN SdD AVAIE/HONNT & AVEIS/HONNT _ow SOT1 §701 | NHdO s YOOT/LT/S
SHTEVD dOLS/LYV.LS dTdid

AN | AdNOTO | AVENIT VN SdD HAOW ‘dN 198 g ATivd SI ST01 0101 | NAdO S P00T/LT/S
vivd vivd adid

AN | AdNOTO | IVENIT VN SdD LIATIOD ¥ 1297100 5 0101 S001 | NddO S POOT/LT/S
SHTEVO dOLS/LAV.LS aT41d

AdANN | AdNOTO | IVENIT VN SdD HAON 'dN 13§ £ ATIvd S1 S001 0S6 N340 S POOT/LTIS
Vivd Vivd aTai

AQAnNN | AdNOTO | VENIT VN SdD LOATIOO |4 LOFTIOD S 06 S¥6 N3dO S P00T/LT/S
Vivd v.ivd aTdi

AdANN | AdNOTO | IVENI] VN SdD JOHTIOD L4 LOdT100 Sl Sr6 0€6 NHdO S F00T/LT/IS
SA19vD dOLS/LIV.LS aTdid

AN | AdNOTO | AVENIT VN SdD HAOW ‘dN 138 £ ATivd S 0€6 §T6 NHdO S Y0T/LT/S
vivd viva aTdid

AQANN | AdNOTO | IVEINTT VN SdD JLOHTI0O ¥ LOdTI0D SI §C6 016 N3d0 S H0T/LTIS
SH1dvVO dOLS/LIV1S amdid

AddNN ) AdNOTO | AVENIT VN SdD HAOW ‘dl L3S £ ATIvd S 016 S06 NAdO S PO0T/LT/S
Vivd Vivd aTdid

AJANW | AdNOTO | IVENIT VN SdD LOATIOO |4 LOFTIOD Sl 06 0S8 NHdO s POOT/LT/S
SHTEIVO dOLS/LYVLS atan

AANW | AdNOTO | IVENIT VN SdD HAOW ‘dn 148 £ ATIvd S 0S8 S¥8 N3O S POOT/LT/S

suonIpuo)) ppRLg wney urejdxyg POYIRIAL SJUIUIIO)) apo) snielg umnn aurni, | auny | passaL | ardoag aeq

IPO=poyIol | Noeiy - snjejs 1413 [euoneradQ ‘wopem( | doig | HeIS BIIY Jo
Meiy [euonBIadQ do syes | smeig 'ON

D-5



191 PAIYSI[YSIY U pIBOIpUl 218 UOLJIISUOWSP O1J10ads STy} 01 jusuniaad SIINATIOY (910N

viva viva lag =i}

AN | ANOTO | MVEANIT VN §dD LOFTI0D ¥ LOHTI0D Sl 0£S1 | SIST | NEJO g Y00T/LTIS
SHT1EVO dOLS/LAVLS a1an

AQAn | AdNOTIO | ¥VaNIT VN SdO | HAOW AN JIAS | € ATIVA 01 SIs1 | sosi | N"JO S PO0TILTIS
viva viva adn

AdQAni | ANOTO | VAN VN SdD LDFTI0D b LOF7T100 0T S0ST | S¥vl | NAJO g #00T/LTIS
Sa719VO dOLS/1AVLS aTdi

AddN | AdNOTO | AVENI] VYN SdD | HAOW ‘dn 1ds £ ATIvd S Strl | 0¥kl | NEJO S FO0TILTIS
viva vivad aan

AddNW | ADNOTO | ¥VENIT VN SdO LOFTI10D ¥  LOFTI00 9 0Fb1 | stpl | NHdO S FO0TILTIS
SHT1AVO dOLS/LAVLS a1gid

AQANN | ADNOTO | MVEANT] VN SdD | AAON AN JES | € ATIvd g STkl | 0T¥l | NHJO g PO0TILTIS
viva vivd aTan

AQdni | AdNoTO | ¥VENIT VN SdD LOFTI0D 14 LOAT100 01 0z¥l | OI¥l | NEJO S POOT/LTIS
SITEVD dOLS/LAVLS fegcilt]

AQAnN | AdNOTO | IVANIT VN SdD | HAON'ANJES | € ATIvd 01 0I¥1 | ooFl | NHdO S P00T/LTIS
viva vivd | arai

AdAOW | ANOTO | ¥VANIT ¥N SdD 10497100 ¥ LOATIO0N 0T 00F1 | O¥El | NHJO S P00T/LTIS
lag it}

AdANIA | AdDOTO | IVENIT VN SdD | AVEME/MHONNT | € | MVANE/HONNT 0L 0v€l | 0gel | NAdO S P00T/LT/S
vivd viva atat

AQdNW | AdNOTO | AVANIT VN SdD 1O9TI0D 4 10971100 S1 oggl | sizl [ NEdO s YOOT/LTIS
ST1EVO dOLS/LIVLS aTan

AN | AdNOTO | AVANIT VN SdD | HAOW ‘dn 14dS £ ATIVd S §Izl | 01Tl | N&dO S F00T/LTIS
vivd vivad fapeit|

AddOW | ADNOTO | AVEANIT VN sdD LO9T10D 4 1097100 SI 01zl | ssil | Nado 9 P00T/LTIS

NOHHD

A¥dLLYV" HONYNHLNIVIA aan

AQANW | ADNOTO | ¥VANIT VN SdD HONVHO L HNLLNAOA s SSTI | 0S1I | NEJO ¢ P00T/LTIS
STIEYO dOLS/LAVLS lag il

AdAN | AdNOTO | AVANIT VN SdD | HAOW ‘dN L3S £ ATvd S 0SIT | S¢I1 | NHJO ¢ Y00T/LT/S

suonIpuo)) plang WIdeg urepdxy POYIIAL SIUUIIO)) apo) sSTje)IS urx uy, auny, | pagsal | ardoag e

PYO=Poup | eIl - smels 1S [euoneladQ ‘uopemnq | dojg uwg BAIY Jo
yoriL [euoyetad(y do sny)g | smyelg "ON

D-6



191 pAIYSIyS1Y UT paIBdIpUI 918 UOTIRIISUOWAP J1J10ads STy} 01 Jusurad saniAnoy 910N

S1d dOLS/LIVLS
AQANN | AANOTO | AVANIT VYN S1¥ | dAOW ‘dn Jds £ ATIVA 001 0£s1 | osgl | saoom 4 P00T/BT/S
ST19VO dOLS/LEVLS
AQANIA | AANOTO | AVANI] VYN SIM | 9AOW ‘dn1ds 3 ATIVA 01 0S€1 | OpEl | SAocom 4 YO0T/ST/S
vivd vivda
AQANW | AdNOTO | AVANIT VN SLd 1097102 4 LOFT102 ST OPEl | SIET | SAQOOM 4 ¥00T/8T/S
SA19VO dOLS/LAV.LS
AQAnNA | AANOTO | ¥VANIT YN SId | 9AOW ‘dn 1S £ ATIVA S SI€T | o1£1 | saoom 4 H00T/8T/S
vivad viva
AQANANL | AdNOTO | ¥VENIT VYN S 1odTI0D 4 hlecgg(ee] 9 0I€1 | 521 | sacom 4 Y00T/8T/S
AQANIA | AANOTO | AVANIT YN SIM | IVARALVHONOT | S | IVERRE/HONNT 9 §6TI | 0STI | SAOOM 4 P00T/BTIS
ST1AVO dOLS/LIAVIS
AQAO | AdNOTO | AVANIT YN S1¥ | JAOW ‘dn JdS ¢ ATIvad S 0S11 | SPIT | SAOOM 4 Y00T/8LS
vivd vivd
AQdNIN | AQNOTO | ¥VANTT VN SId 10dTI00 4 1037100 0g¢ SPIT | SIIT | SA0OM 4 P00T/8T/S
WALSAS dOLS/LIV.LS
AQANN | AANOTD | AVANIT VYN SLY SId dN 1AS £ ATIVA 61 S1d 008 | SA0OM v P00T/8T/S
SNOILVYId0 dOLS/LEVLS aTdnd
AQANI | AQNOTO | AVENIT VN SdD | ATivadoand | ¢ ATIVdA St 00L1 | SI91 | NHdO g PO0T/LT/S
vivad vivd aTE1d
AQAni | AGNOTO | AVANIT VN SdD LOFTIO0 4 LO3TI0D ST SI91 | 0091 | NAdO S PO0TILTIS
SET1EVD dOLS/LIVIS lagicit
AQANW | AANOTO | AVENIT] VN SdD | HAOW ‘dn 1dS £ ATIVA < 0091 | Sss1 | NadO S PO0TILTIS
vivd vivd aTai
AQani | AdNOTO | AVENIT ¥N Sdo LOATIOO ¥ LOATI00 0z SSS1 | S¢S1 | NHJO S PO0T/LT/S
SH1AVD dOLS/LIVLS A
AN | AdNOTO | AVENIT VN SdO | HAOW 'dn 138 £ ATIvad < S€S1 | 0851 | NEJO S PO0T/LTIS
SuonIpuo)) pPLg wyed ureidxy POUId SJUBUNLOY) po) smye)s uTu ouny, | ouny | paysay | adoaq aeq
J3YI0=POYRN | WBIL - smyelg 1’IS [euoyesadQ ‘wopemnq | doig | MeIg eIy Jo
Hoeay, [euogerddp P: (o) snjelS | smyelg 'ON

D-7



SNOILYH3dO JdOLS/LAVLS
AQANA | ANNAS | dVENIT YN SId | ATIVAAOQNT | ¢ Amvd 0T 0¥91 | 0Z91 | SACOMm 4 Y00T/6T/S
LNTWHOV T
ON ‘A¥ELLVE TANTIVA
AQANN | ANNNS | dVENTT VN SId SI1d aviad 9 LNAWJINOA 0z 0Z91 | 0091 | SAoOMm 4 POOT/6T/S
viva viva
AQAN | ANNAS | MVANIT VN SLY LO9T10D ¥ LOFTI0D o 0091 | 0zs1 | saoom 4 $00T/6T/S
SATEVD dOLS/IAVLS
AQANW | ANNAS | ¥VENIT VN S1d | JAOW ‘dn LIS £ ATIVa 0T 0TSL | 00SL | saoom v v00T/6T/S
viva viva
AQQNIA | ANNNS | AVANIT VYN SLY LOFTI00 v LOATTI0D st 00SL | S¥¥l | sAOOM v #00T/6T/S
MOHFHD
HONVNAINIVIA
AQAN | ANNNS | 9VINIT VN SId MOHEHD VLV L TALLNAMOA 0g Stpl | SIPI | SA0OM v PO0T/6T/S
AQANW | ANNAS | IVEANIT VN SId | JIVHNE/HONNT | s | MIVERIE/HONNT 09 sIvl | siel | saoom 4 YOOT/6T/S
viva viva
AQAN | ANNAS | IVENTT YN SLA LOATI0D v LOITI00 06 SIEL | Syl | SA0OM v YO0T/6T/S
S1d
HAOW ‘SH1GVD dOLS/LIV.LS
AQAOW | ANNAS | IVENIT VYN SIY ‘dn 1as 3 ATva 591 SPIT | 006 | SACOM ¥ POOT/6T/S
viva viva
AQANW | ANNNS | ¥VANIT VN SIA 1097100 4 LOFT100 ST 006 $e8 | saoom 4 YOOT/6T/S
SNOLLYI4dO
ATIva dOLS/LAVLS
AQANA | ANNNS | AVENIT VN S1¥ 40 LYVLS £ ATIVA 33 g€ S08 | SAOOM 4 $00T/6T/S
SNOILVIEdO dOLS/LAVLS
AQANA | ADNOTO | dVANIT VN SId | ATVAJOANT | ¢ ATIvd 0¢ 0€91 | 0091 | saoom 4 +00T/8T/S
vivd vivda
AQAOW | AANOTO | AVANIT VN S 1OITI00 ¥ LOATTI00 0g 0091 | 0gSI | saoom ¥ v00T/82/S
SUONIpUO) platy TRERTX urerdxg PO BUETTTe) apo) STE)S urur auny, | sunl | passL | aidoag | Ajeq
R_YO=PoYIdIA | Noeay - snjeys 131N [euongexadQ ‘uonpean(q | dois uels BIY Jo
v [euopesadQ do smyejs | smels ‘ON

D-8



"1%91 poy31[YSIY UT PIIBdIpPUI 918 UOTIRIISUOWSP O1J10ads STy 03 Jusurizad sonIAlY 910N

sS4V dOLS/1¥V1S a1
AQAnNN | ANNNS | 9VaNIT VN SdD HAOW 'dN L3S £ ATIvd S S16 016 NHdO ¥ $00T/TI9
vivd viva atdid
AQAN | ANNNS | SVENIT VN 5dD LOFTI0D ¥ LOdTION Sl 016 558 NFdO 4 P00Z/T/9
SNOLLVYHdO
ATIvd JdOLS/IYVLS aTdan
AdAnN | ANNNS | 9vanNI1 VN SdD 40 J¥VIS £ ATIvd 09 658 SSL NIJO 12 +00T/T/9
SNOILV¥HJO JOLS/1MVLS aTHL
AQAn | ANNNS | dVENIT VYN SdD | ATIVA 40 aNd £ ATva 0z S091 SHSI NIdO ¥ #00Z/1/9
vivd vivd (agiciE|
AQAnNN | ANNNS | SVENIT VN §dD LOAT10D ¥ LOdTI0D Sl SHST | 0fSI NHdO ¥ #00T/1/9
SHI9VD dOLS/LAVLS aTdId
AQAnNA | ANNNS | dvENIT VN SdD FAOW ‘dN 148 £ ATIVA o 0€ST | Ssi NHJO [ $00Z/1/9
MOdHD
FONVNILLNIVIA
AQANA | ANNNS | IVENIT VN SLY MOFHO VIvd L TNIINAOA 0¢ SSpl STpl | sSaoom 4 $002/1/9
AQANIW | ANNOS | IVANIT VN SLY | IVILHONNT S SAVIIS/HONNT SL szrl | o011 | SAOOM 4 $002/1/9
viva vivd
AAAA | ANNNS | IVEANIT VN SLY LO9 110D v LOATIOD $9 OTET | sozl | sacom 4 $00Z/1/9
R dOLS/LIVLS
AN | ANNNS | 9VENIT YN S1y JAOW ‘dN 13S € ATIVA St S0Z1 | 0TI1 | SACOM ¥ $00T/1/9
vivd vivd
AQANIN | ANNNS | dVEANIT VN SLd LOATION 14 10971100 0T 0zZI1 | 0011 | saoom 4 $007/1/9
MOFHD
HONVNILLNIVIA
AJANIW | ANNOS | IVINIT VN SLd NOFHD v.Lvd L FNLLNMOA ST 0011 | S£O1 | saoom 4 $002/1/9
vivd vivd
AQANIN | ANNNS | IVEANIT VN R LOIT1100 4 LO9TIOO 011 SE01 SH8 | SAOOM 2 $002/1/9
SNOILLVYHdO
ATIvd dOLS/LYV.LS
AQANA | ANNNS | dVINIT YN SLY JO LIVLS € ATIva ¢ Sp8 018 | SAOOM 14 $002/1/9
suonyIpuo)) ppRIg [(AESTTE urejdxy POy SITENTL 1 g) apo) snyels unu owny, | 2wy | pasay | adoad | areq
PMO=PoyPIN | YoeLL - snyels 121 [euopesdQ ‘wogemq | doig | eIg vy Jo
PeIL [euoyeradQ do snyels | smyelg "ON

D-9



"1x9) PAYSIYS 1Y UT PajedIpul aIe uoljensuowap suyroads sty 01 juourrad sanIAndy 910N

SAT1EVD dOLS/LAV.LS aTaid

AQAnA | ANNNS | ¥vaNIT VN SdD | GAON'dNJES | € ATIVA 01 0s€l | ov€l | N9dO | ¢ | pOOT/Z/9
a1

AQAOW | ANNOS | ¥VaNI1 VN SdD | MVENME/HONAT | S | NVENE/HONOT $s ovel | s¥T1 | NGO | ¢ | POOTT9
vivd viva aTa

AQANIN | ANNAS | ¥VENIT WN SdD 1047100 ¥ LOFTIO0 S1 skl | ozl | NEdo | ¢ | voozem
sa19v0 JOLS/LAV.LS QT

AQANIN | ANNQAS | IvaNT] ¥N sd0 | saomw‘dniss | ¢ ATIVA S 0£21 | szzl | NAdO | v | v00Z/2/9
vivd viva aTd

AQANIA | ANNNS | 9VENIT VN SdD 10dTI00 b 1OF7T100 01 szzl | szl | Nado v | pO0Z/Z/9
sa19v0 dOLS/LYVLS RGEIE!

AQANIN | ANNOS | SVENTT ¥N SdD | FAOA'dNIES | € ATIVd 01 Izl | S0zl | NEdO v | 00T
ST1EVO dOLS/LEVLS a4

AQANN | ANNAOS | ¥VENIT VN SdD | HAON 'dN1ES | ¢ ATIVA 0z sozi | spil | NadO v | P00
vivd viva REEIL]

AQANI | ANNNS | 9VENIT VN % [9) 1097100 v LOFTI0D 01 spil | seil | NEdO v | voozrzm
sT19v0 dOLS/LYV.IS aTH

AQANW | ANNNS | ¥vaNT1 VN sdO | FAOANdNIES | ¢ ATIVA 0z setl | s | Nado v | vo0zTm
vivd vivda RGEIR]

AQANW | ANNNS | 3VaNIT ¥N SdD 1OdTI0D r LOg7TI00 01 i1 | so1t | NEdO v | v00ZZ9
Sa19vO dOLS/LYV.IS aTdi

AQANI | ANNOS | ¥VENTT VN sdD | gaom'dnias | ¢ ATIVd Sl 011 | 0S01 | N3O v | p002/T9
vivd viva aTdn

AQAN | ANNNS | ¥VENIT VN S [9) 1OdTI0D ¥ 1297100 S 0s01 | sgo1 | NEJO v | pO0ZRZ
SA14VO dOLS/LAVLS aTa

AGANN | ANNOS | ¥VENIT VN SdD | FAON'dN1ES | ¢ ATIVA 01 SE01 | STOI | N&O | ¢ | p0OT//9
aTai

AQANIA | ANNAOS | ¥VANTT ¥N SdD | MVENME@/HONNT | § | MVANE/HONNT oL szol | s16 | NEdO v | voozrm

suopIpuo) pPig | wianeg uyerdxg POYIRIN | Suaumwo) | 2po) syeyg U sunp | eunp | paisaL [ aidoag | areq

I9IO=POYIAAl | YoeaAl - snjels 1®IS [ruoneIadQ ‘uopenq | doig | meIg BIXY Jo
WoriL [suonesedQ do smeg | smerg ‘ON

D-10



"1%91 pay31y31y ur pajedIput e uolensuowap oy1oads siy) 03 Juaurad SINIAIDY 9ION

vivd vivd atdnd
AQAnNN | ANNNS | dvaNI1 VN SdD LOATI0D ¥ 1471100 Sl SZ9I | 0191 N0 4 ¥00Z/2/9
SH19VD
FAOW dOLS/1¥V1S aTad
AQANIN | ANNNS | 9VENIT VN SdD ‘dn 148 £ ATIvVd 01 0191 | 0091 NHdO 14 Y00T/TI9
vivd vivda aTdi
AQANIN | ANNNS | 9VENIT WN SdD LOATI0D ¥ LOATI0D 01 0091 | 0SSI NAdO ¥ ¥00Z/2/9
SITav0
HAOW dOLS/LAIVLS aTai
AQANIN | ANNNS | 3VENIT VN SdD 'dn 14s £ ATIVA 01 0SST | OFSI NAdO 4 $00T/T/9
vivd vivd aTdid
AdANIN | ANNNS | AVEANIT VN SdD LOATION ¥ 1OFTT0D S Ops1 | SeSI NAJO 4 Y00T/TI9
a1did
AQANIN | ANNNS | 3VEANIT VN SdD NIV 8 YHHLVIM 01 Sesl | szst NIJO v $00T/TI9
vivd vivd aTamd
AQANIN | ANNNS | JVENIT VN SdD LOATIO0D ¥ LOFTI0D S szs1 | ozsi NAJO 4 $00T/T/9
SITAVO
FAOW dOLS/L¥V.LS a’gi
AQdnin | ANNNS | ¥VENIT VN SdD ‘dn 19S € ATIVd 01 0zs1 | 01sT NZdO 4 Y00Z/T19
viva Vivd aTai
AQdnN | ANNNS | ¥VENIT VN SdD LOATION ¥ 12377100 0T 01ST | 0S¥l N3O ¥ $00T/TI9
STV
FAOW dOLS/1aV.1S aTaid
AQANN | ANNNS | 9VENI1 VN SdD dn 19S £ ATIVa 01 osvl | oFpl NHdO 4 ¥00T/2/9
vivad vivd aTdm
AdAnN | ANNOS | IVENIT YN SdD LOATI00 ¥ 1OITI0D 01 0Frl | 0gpl NddO ¥ Y00T/Z/9
SHTAVO
FAOW JdOLS/1AV1S atdid
AQAnNIN | ANNAS | JVENIT WN SdD ‘dn 14s £ ATIVA 01 ogvl | oTwl NHdO 4 Y00Z/T/9
vivd vivd aTdan
AQdniN | ANNNS | dvaNI] WN SdD LOFTI0D ¥ LOFTI0D 01 0Zkl | 0IF1 NIdO 14 +00Z/TI9
SHTAVD
HAONW dOLS/LAVIS adid
AQAnN | ANNNS | 3VENIT ¥N SdD ‘dn 148 £ ATIVaA g 0ivl | sovl NAdO 4 +00T/TI9
vivad vivd a1
AQANN | ANNNS | avaNI1 VN SdD LOATI0D ¥ LOATI00 Sl Sorl | 0SEl NAdO 4 POOT/T/9
suonIpuo)) pRLy [RENITE| wedxy POYR | swswwmo) | ape) SIJE)S uru auny, | aump pasa], | epdoag | areq
DPDYPO=POYRI; | RoELL, - snjels 1®18 [euopesadQ ‘vopeing | doys | EIS BIIY jo
yoeay, [euonexadQ dO STYBIS | snye)s ‘ON

D-11



"1X9] pAIYSIY3IY Ul PIJBIIPUT 918 UOTIBIISUOWAP O1J102ds S1Y) 01 Juaunirad SOUIAIIOY :JI0N

vivda vivd aidid
AQAn | ANNNS | 3vanNTIi YN SdD LOFTIOD 4 LOITI0D Sl 0011 | S#OI NEdO t $00T/E/9
S319v0
JAOW dOLS/LYV1S aTdid
AQAnNN | ANNNS | 9VaNIT VN SdD ‘dn 149s £ ATIvd g SH01 | OFOI NHdO 4 P00T/E/9
Yivda vivd atand
AdAni | ANNNS | ¥VENIT VN SdD LOFTI00 4 LOITI0D Sl 0v01 | SZ0I1 NHdO t $00T/€/9
STI1EVD
HAOW dOLS/LYV1S a1ad
AQANN | ANNNS | ¥VaNIT VN SdD ‘dn 14s £ ATIvd 0z SZ0I | S001 N3dO ¥ 00T/E/9
vivd vivd aTdaid
AQANIN | ANNNS | IVENIT VN SdD LOFTI0N 4 LOdTI0D 0z S001 $6 NHdO 14 $00Z/£/9
SH19v0
JAONW dOLS/I¥VLS aTdm
AQANW | ANNNS | 3vENIT VN SdD ‘dn 19s £ ATIVA sz S¥6 026 NHdO ¥ PO0T/E/9
vivad vivd aTdid
Addni | ANNNS | ¥VENIT VN SdD LOFTI0D ¥ 1247100 g 026 c16 NIJO v $00Z/E/9
sSHI1gvD
HAOW dOLS/LVLS aTdan
AQANIN | ANNNS | dVEANIT ¥N SdD ‘dn 13s £ ATIvd S c16 016 NZdO ¥ #00T/E/9
vivd viva aai
AdAN | ANNNOS | ¥VENIT VN SdD LOdT100 ¥ ireigig(e)o) SI 016 $58 NZdO 4 +00T/E/9
sHI19v0
HAONW dOLS/IUV.LS (agicit
AQAnIN | ANNNS | d3vaNI1 VN SdD ‘dn 19s € ATva S 568 0S8 NIdO P P00T/E/9
vivd vivdad aard
AQANN | ANNNS | dVANIT VN SdD 1OATIOD ¥ LOATIO0D 01 058 (112 NHdO P #00T/€/9
SNOILVIEdO ‘
ATIVA dOLS/L¥VIS [egicit|
AQAnN | ANNNS | dVENIT VN SdD 40 J¥V1S £ ATIVd 5T 0r8 S08 NAZdO 2 #00T/S/9
SNOILVYEdO
ATIvad dOLS/LUVIS [egici|
AdANN | ANNAS | IVENIT VN SdO J0 aNd £ ATIVd 0T SILT | §s91 NHdO v | POOZR/9
viva viva lagici|
AQAniN | ANNNS | dVENIT VN SdD 1OITI0D 4 LOFT100 Sl €S9l | 0#91 N=EJO v | ¥00T/T/9
SA19v0
HAOW dOLS/LAV.LS ata
AdANN | ANNNS | IvEANIT VN SdD ‘dn 13S £ ATIVd Sl 0P91 | SZ91 NAJO ¥ 00T/T/9
suonIpuo) pRLg EEESTCE urejdxy poYRH | SiuaUnUO) Ppo) snjelsg uru aurlf | aury pasaL | oidodg | aeQ
IRPIO=POYIRN Woeda], - smels k14 (N reuopesadQ ‘uopye.n( doig uels BAIY Jo
ey, [euopetadQ do smejs | snyels "ON

D-12



vivd vY.ivd vaav

AQANN | ANNNS | dVINIT YN SdO JOITIOD 14 12971100 94 S191 0sS1 | TNOOW 14 #00T/£/9
SH1dvVO dOlS/1dV.1S vEIvY

AQANA | ANNAS | dVENIT VN SdD HAOW ‘dN L3S ¢ ATIvd 0z 0ss1 0£S1 | 'INSONW 14 $00T/E/9
vivd vivd vy

AQAQNIA [ ANNQOS | IVENIT VN SdD LOHTIOD ¥ 129dTI0D Si 0gsT SIST | INOON ¥ $00T/£/9
S419vO dOLS/LIV.LS vaday

AQAOA | ANNOS | VEANI'T VN SdD JAON ‘dN L3S £ ATvda 01 G181 S0ST | INDONW ¥ ¥00Z/£/9
vivda viva VHIV

AN | ANNNS | IVENIT VN SdD LOATIOD 14 1297100 01 S0S1 Ssvl | INOONW 14 #002/€/9
SAT9VO dOLS/19v.1S vVaIv

AJANA | ANNAOS | dVENIT VN SdD AAOW ‘dN L3S £ ATIvVvd 01 194! SPPl | INDON 14 #00Z/€/9
vYivda vivd Vaav

AQANIA | ANNAOS | dVENTT VN §dO 12471100 14 JOATI0D Sl 944! 0trl | TNDOW 14 $00T/€/9
s219vD dOLS/1av.LS VIV

AQANIA | ANNAS [ dVINIT VN SdD JAON ‘dN L3S £ ATivd SI 8134 Syl | TNDON 4 Y00T/£/9
vivd vivd VIV

AQANIA | ANNAS | dVENIT] VYN SdO LO3T10D 14 LOdTI00 ST Syl 0SE1 | INDOW 14 #00T/E/9
SHT9VD dOLS/LAVLS VIV

AQANN | ANNNS | dVENIT VN SdD JAOW ‘dN L3S g ATvda ST 0sel scel | INDONW ¥ ¥00T/E/9
vivda vivda VIV

AQANN | ANNAS | dVENIT VN SdD LOdTIOD 14 LOdTI0D 0z STel SOET | TNOONW 14 #002/€/9
vaav

AQANIW | ANNAS | dVINIT VN SdD | AVEIIE/HONNT S AVEIE/HONNT SL SOt 0S11 | TNOOW 14 $00T/€/9
ST19vVO dOLS/LIVLS VIV

AQANA | ANNAS | dVENIT VYN SdD HAOW ‘dN L3S £ ATvda 0z 0SIT 0¢11 | INDON 14 $00T/€/9
vivda vivda Vv

AGAAN [ ANNNS | dVENIT VN Sd9D LOATI0D 14 LOATIOD 0t 0f11 0111 | INDONW 14 ¥00CT/€/9
SH1dvO dOLS/LAV.LS VIV

AQANIN | ANNNS | dVEINIT VN SdD JAON dN L3S £ ATvd 01 o111 0011 | TNDOW 14 ¥00T/E/9

suoyIpuo)) PRI wyeg utepdxsyy POYIAIA S)UIUILIO)) apo) snyels Ut urr, | suny | porsaL | oidoag aeq

IQIO=POYI | Woeal, - snyels 1818 [euonesadQ ‘wopem( | doys | MeIg Baxy Jo
el [euopetad( dO STyelS | smels ON

D-13



"1%9] PIYSI[YSIY Ur pajedIpur oIe Uonensuowap o1toads siyy 03 Juaumied SaUIATIOY :9ION

anrio
, LsaL

AQANA | AQNOTO | AVANIT VN SdD | NOLLVZITISOWHd | 01 | NOLLYZITIHOWAd g€l 0£ST | SIgl | anrig v | vOmo
aniD
LsdaL

AQQNN | AOOTO | IVANIT VN SdD AVTIE/HONAT S NVEIE/HONNT 09 SIEl | sizl | anrid v | v0mr9
anio
1salL

AQANN | AQNOTO | ¥VANIT VN SdO | NOLLVZITIHOWAd | 01 | NOLLVZITISOWAd SL S1z1 | oIl | anrig v | vomi9
anio
LsaL

AQAN | AQNOTO | ¥VANIT VN SdD NYTIE/HONND'T S AVEIE/HONNT 4 0111 | sv01 | aNITd v | yoms9
anio
LsaL

AQAOW | AQNOTO | ¥VENIT YN SdD v1vd 1OITI00 ¥ V1vd 1oFTI0 S1 S#01 | 0£01 | aNITd v | vomr9
anio
SHT19VO dOLS/I¥MV.LS LsdL

AQANA | AdNOTO | ¥VANTT VN SdD FAOW 'dN LS 3 ATIVa 3 0£01 | szo1 | ani1d v | ¥Om/9
anio
LsdaL

AQANA | AdNOTO | ¥VINIT WN SdD V1vd 1LOFTI00 4 v1vad.LOFTIo0 S1 szol | o101 | aniid v | v0m/9
anio
SATAVO dOLS/1¥V.LS LSAL

AQANN | ADNOTO | ¥VANIT VN SdO JAOW ‘dn L3S € ATva ) 0101 | 0001 | anI1d v | vome
SNOLLVY¥HdO dOLS/LAVLS Er

AQAN | ANNNS | dVEANIT VN SdD ATIVA 40 AN £ ATIVA 3 SP91 | SI91 | TNDOW | ¥ | $0/E/9

suoyIpuo)) pRA urajjed —h_ﬁ—ﬁ—%m— POYIJA Sjumwo)) - Ipo) snjels —W—.—Qﬁ&h&o urux ULy, ouILy, PIlsa], O—&Oom aned

DPO=PoYRI | PedL | smers [puoneradp | 1eIg ‘wvonemq | dojs | WIS | eary Jo
yeay dO snjels snjels *ON

D-14
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AEC
APG
ATC
CSV
DGPS
HEAT
EM
EMI
ERDC
ESTCP
EQT
GPS
JPG
POC
QA
QC
RMS
ROC
RTK
RTS
SAM
SERDP
TFEMI
TMI
UXO
YPG
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APPENDIX F. ABBREVIATIONS

U.S. Army Environmental Center
Aberdeen Proving Ground

U.S. Army Aberdeen Test Center
comma separated values

Digital Global Positioning System
high-explosive, antitank
electromagnetic

electromagnetic interference

U.S. Army Corps of Engineers Engineering Research and Development Center

Environmental Security Technology Certification Program
Army Environmental Quality Technology Program

Global Positioning System

Jefferson Proving Ground

point of contact

quality assurance

quality control

root-mean-square

receiver-operating characteristic

real time kinematic

Robotic Total Station

sub-Audio Magnetics

Strategic Environmental Research and Development Program
Total Field Electromagnetic Introduction

Total Magnetic Intensity

unexploded ordnance

U.S. Army Yuma Proving Ground
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ATTN: (Dr. John M. Stanley) 1
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SERDP/ESTCP

ATTN: (Ms. Anne Andrews) 1
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U.S. Army Aberdeen Test Center
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Defense Technical Information Center 2
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